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March 29, 2022

VIA EMAIL

Alaska Department of Environmental Conservation

Division of Water

Wastewater Discharge Authorization Program/401 Certification
555 Cordova Street

Anchorage, AK 99501-2617

E: dec-401cert@alaska.gov

Re: Donlin Gold Mine Certificate of Reasonable Assurance
Dear Alaska Department of Environmental Conservation,

Pursuant to the Order Granting Interlocutory Remand in Orutsararmiut Native Council v.
Alaska Department of Environmental Conservation, No. 3AN-21-06502C1 (Dec. 29, 2021),
Orutsararmiut Native Council (ONC) submits these comments on the new draft studies
commissioned by Donlin Gold LLC (Donlin) to evaluate the impacts of the proposed gold mine
on stream temperatures! and mercury concentrations.?

For purposes of this letter, the following Kuskokwim-Yukon area tribes join ONC in
these comments: Chevak Traditional Council, Chuloonawick Native Village, Native Village of
Eek, Kasigluk Traditional Council, Native Village of Kwigillingok, Native Village of
Nunapitchuk, and Tuluksak Tribal Council. ONC and the other tribes share common concerns
about the impacts of the proposed gold mine on water quality, fish habitat, and subsistence
uses. These concerns have prompted nearly unanimous opposition to the proposed mine
among the tribal governments of the region, as reflected in the resolution of the Association of
Village Council Presidents.? If the Department of Environmental Conservation (“the
Department” or “ADEC”) upholds the Certificate of Reasonable Assurance for the proposed

" BGC Engineering Inc., “ Analysis of Crooked Creek Stream Temperature” (Draft, Sept. 28,
2021) (BGC 2021).

* Ramboll US Consulting, Inc., “Draft Report: Donlin Gold Mine Supplemental Mercury
Modeling and Mass Balance Analysis” (Oct. 22, 2021) (Ramboll 2021).

# See Exhibit 3 (Association of Village Council Presidents, A Resolution Opposing the Further
Development and Near Future Operation of the Donlin Creek Gold Mine, Resolution 19-09-10
(Sept. 2019) & K. Shallenberger, AVCP delegates pass resolution against Donlin Gold Mine, ALASKA
PUBLIC MEDIA (Sept. 27, 2019)).

ALASKA 325 FOURTH STREET JUNEAU, AK 89801

T:907.586.2751 F: 907.463.5891 AKOFFICE@EARTHIUSTICE.ORG WWW.EARTHIJUSTICE.ORG
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mine, the tribes of the Kuskokwim and Yukon River basins will have to live with the impacts
forever, long after the mining company is gone. Donlin’s draft reports fall far short of the
assurance needed to support such a consequential decision.

L Introduction and summary.

The draft studies confirm that there is no “reasonable assurance” that the proposed
mine will comply with Alaska’s water quality standards for temperature or mercury. Both draft
studies rely on models to estimate the impacts of the proposed mine decades in the future. Both
models—like any model—are simplified representations of the real world subject to multiple
sources of uncertainty. Even with the best models using verifiable data, actual outcomes will
normally vary within a range from a model’s estimate. In the case of Donlin’s models, these
deviations could be substantial due to multiple sources of uncertainty.

Both of Donlin’s models predict outcomes almost exactly at the applicable standard.
Given the large range of potential deviation from those outcomes, the models provide no basis
to believe that compliance is any more likely than non-compliance. There is no “reasonable
assurance” that either standard will be met.

Neither model is conservative. To the contrary, they were designed to eliminate the
conservative assumptions of the Final Environmental Impact Statement (FEIS) for the Donlin
Project, and they make simplifying assumptions that ignore real-world conditions that would
increase the risk of violations. Thus, the Department must not treat them as risk-averse
screening models.

Neither of the draft reports attempts to quantify or characterize the degree of
uncertainty associated with the projections. Further, neither of them has been subject to normal
analytical tools recommended to evaluate the results of a model, most importantly sensitivity
analysis, uncertainty analysis, alternative scenarios, and peer review. In the absence of these
analyses, the Department must assume a particularly high degree of uncertainty associated with
these models and, therefore, a lack of reasonable assurance of compliance.

This lack of reasonable assurance is inherent in the models and would be apparent even
if one assumes they were well-designed and supported by ample data. When one considers the
shortcomings of the models, it is even more clear they provide no reasonable assurance of
compliance. A leading expert in each of the two fields has reviewed the draft reports and found
multiple sources of bias, suggesting that real-world outcomes are likely to be even worse than
projected in the models.

440 C.F.R. § 121.2(a)(3) (2019).
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While there is no reasonable assurance of compliance with either the temperature or
mercury standard, the likelihood of complying with both is lower still. It is roughly like
needing to flip heads in two consecutive coin tosses. The law requires a single finding of
reasonable assurance as to all standards.

For these and other reasons, the Department should approach Donlin’s new draft
studies warily. They were prepared hastily, in response to litigation, with a strong incentive by
Donlin to demonstrate compliance. Even with that strong incentive, the best they could do was
to generate outcomes meeting the relevant standards by the thinnest of margins, revealing a
high risk of non-compliance. By contrast, the FEIS underwent lengthy, multi-agency review,
contains nuanced cautions about uncertainty wholly lacking from Donlin’s rushed new reports,
and finds significant risk of violating the temperature and mercury standards. In short, Donlin
has failed to carry its burden of demonstrating reasonable assurance of compliance.

The Department should find that there is no reasonable assurance of compliance with
water quality standards and rescind the Certificate of Reasonable Assurance.

II. Because the outcomes are so close to the standards, the inherent uncertainty of models
precludes a finding of reasonable assurance.

Donlin’s draft reports do not demonstrate reasonable assurance of compliance with
temperature or mercury standards, because they are based on models with estimated outcomes
almost exactly at the applicable standards. They are attempting to predict responses to
conditions that do not yet exist and cannot be verified until the mine is built and operated
decades in the future. Given the inherent uncertainty of models and outcomes on the boundary
of non-compliance, the likelihood of compliance would be no better than that of non-
compliance, even if the models were well designed.

Regulations of the U.5. Environmental Protection Agency (EPA) place the burden on
Donlin as the applicant to provide information sufficient to support a finding of reasonable
assurance.” Donlin’s draft reports do not do so here. To the contrary, because they produce
outcomes so close to the applicable standards and with such a high degree of uncertainty, they
demonstrate that there is no reasonable assurance of compliance.

> Id. § 121.2(a)(2), (3) (2019). See also R. 9611, 9623 (EPA, Clean Water Act Section 401 Water
Quality Certification at 18, 30 (2010)) (“an applicant must demonstrate that the proposed
activity and discharge will not violate or interfere with the attainment of any limitations or
standards identified in §401(a) and (d)”), (“The burden of proof remains on the applicant to
show that the requirements of the [Clean Water Act] have not been and will not be violated as a
result of the activity.”). Record citations in this letter are to the agency record transmitted by
the Department to the Superior Court in this matter on August 2, 2021.

3
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A. Models are imperfect simplifications of reality.

Even the best model is an imperfect simulation of the real world, subject to error and
uncertainty. As the aphorism goes, “all models are wrong, but some are useful.”®

EPA has published a detailed guidance on the development, evaluation, and application
of environmental models like those created by Donlin’s contractors.” In it, EPA adopts the
National Research Council’s definition of a model: “A simplification of reality that is
constructed to gain insights into select attributes of a particular physical, biological, economic,
or social system.”®

EPA repeatedly emphasizes the uncertainty associated with models and cautions users
to treat them accordingly. Again quoting the National Research Council, the guidance explains:
“Models will always be constrained by computational limitations, assumptions and knowledge
gaps. They can best be viewed as tools to help inform decisions rather than as machines to
generate truth or make decisions.”” EPA concludes, “The challenge facing model developers
and users is determining when a model, despite its uncertainties, can be appropriately used to
inform a decision.”?® In the succinct words of another paper, decision-makers should not use
models as “truth machines.”*!

The FEIS cautions against mechanistic reliance on models, specifically in the context of
the groundwater model on which both Donlin’s temperature model and mercury model rely.
“As is common with models of this type, . . . the model is used to simulate conditions (such as
dewatering the mine pit) that do not currently exist. The amount and uncertainty of
inaccuracies of these simulations are difficult to gauge.”

° See W. Wagner et al., “Misunderstanding Models in Environmental and Public Health
Regulation,” 18 N.Y.U. ENVTL. L.J. 293, 297 (2010) (Wagner et al.) (quoting G. Box & N. Draper,
“Empirical Model-Building and Response Surfaces,” 424 (1987)).

7 Exhibit 4 (EPA, Guidance on the Development, Evaluation, and Application of Environmental
Models (Mar. 2009) (EPA Guidance), https://www.epa.gov/measurements-modeling/guidance-
document-development-evaluation-and-application-environmental-models).

*1d. at9.

*Id. at 27; see also id. at 12 (“models are based on simplifying assumptions and cannot
completely replicate the complexity inherent in environmental systems.”); id. at 28 (“Because
every model contains simplifications, predictions derived from a model can never be
completely accurate and a model can never correspond exactly to reality.”).

" 1d. at 27.

" Wagner et al. at 295.

"> R. 16967 (FEIS at 3.6-23) (citation omitted).
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B. Both of Donlin’s draft models generate estimated outcomes almost exactly at
the applicable standard, providing no assurance of compliance.

The inherent uncertainty of the models is particularly important here, because both of
Donlin’s new draft models generate outcomes almost exactly at the applicable standard. If the
inevitable deviations from the models’ estimates are even slightly on the high side, the mine
will violate the standards. Even if one assumes for the sake of argument that the models are
well-designed, unbiased, and supported by ample data, given the inherent uncertainty of
models and the near-miss outcomes, it is essentially a coin toss whether operation of the mine in
the real world would comply with either standard.

1. The draft temperature model predicts temperatures within less than
one degree Fahrenheit of the limit.

For temperature, the BGC Engineering draft model predicts outcomes within 0.6°F of the
standard. Alaska has set water quality standards of 55.4°F (13°C) for egg and fry incubation
and spawning.!® The draft model predicts that mine operations, by withdrawing colder surface
water and groundwater from the stream systems, will raise temperatures to 54.8°F in Crooked
Creek at American Creek and 54.5°F in Crooked Creek at Crevice Creek.'* These outcomes are
just 0.6°F and 0.9°F below the standard, respectively.

Therefore, even if one accepts the model results without considering potential errors,
omissions, or biases, the model provides no reasonable assurance of compliance with the
standard. If the model is off by less than a degree, or if a future year is a degree warmer than
the July 2005 comparison, the mine would violate the standard. Those are extremely small
deviations from inherently imperfect estimates, providing no reasonable assurance that the
mine will comply with the standard. Donlin has not carried its burden to demonstrate
reasonable assurance.

2. Any mercury concentrations greater than those predicted in the draft
model would violate the standard.

Donlin’s new draft mercury model demonstrates no greater assurance of compliance
than the temperature model. Because the waters near the mine have naturally elevated mercury
levels and sometimes exceed the chronic criterion for mercury under pre-mine conditions, any
non-trivial increase in mercury concentrations in the streams presents a significant risk of new
violations of the chronic standard for aquatic life.

318 AAC 70.020(b)(10)(C).
4 BGC 2021 at 23.
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The mine would be developed in a “mercury belt” with high concentrations of mercury
occurring naturally in the environment.”> In samples taken from streams near the proposed
mine from 2005 to 2015, 14 percent—80 out of 564 samples—exceeded 12 ng/L, the standard for
a four-day chronic exposure to mercury.'® Three of the samples had concentrations more than
ten times the criterion.”” Though they did not sample for four days continuously, the
exceedances were “widespread” and clustered at certain times of the year and conditions.'
“[M]ercury concentrations are generally higher during spring flow and storm flow conditions,”
and spikes may occur “due to precipitation and localized rock weathering conditions.”*

The FEIS concluded, “These data suggest that existing concentrations of total mercury in
surface water are sometimes elevated above the chronic criterion at locations throughout the
Mine Site area....”?® This point has never been disputed by the Department or by Donlin, and
Donlin’s new draft model by Ramboll US Consulting does not challenge that point.

Because the streams likely exceed the chronic criterion at times already, even a small
increase in mercury concentrations would risk more violations, precluding any finding of
reasonable assurance. Using conservative assumptions, the FEIS predicted a 40% increase in
mercury concentrations,” which if true would certainly lead to substantial and frequent
violations.” For these reasons, the only way Donlin could demonstrate reasonable assurance of
compliance with the mercury standard would be if the company were to show that the mine
would cause no significant increase in mercury concentrations in local waters.

The Ramboll draft mercury model seeks to achieve this result by eliminating the
principal conservative assumptions of the FEIS.? By so doing, the model generates outcomes
showing a tiny increase (0.8%) in Donlin Creek and tiny decreases at two locations in Crooked

" R. 17749, 17269 (FEIS at 3.13-28, 3.8-35).

' R. 17040 (FEIS at 3.7-29); see 40 C.F.R. § 131.36(b)(1), row “8 Mercury,” column B2, note “d.”
Because EPA has not approved Alaska’s proposed aquatic life criteria for mercury, the EPA
standard applies. R. 17017 (FEIS at 3.7-6).

" R. 17040 (FEIS at 3.7-29).

" R. 17163 (FEIS at 3.7-152).

' R. 17040 (FEIS at 3.7-29).

' R. 17162 (FEIS at 3.7-151).

d.

*R. 17170 (FEIS at 3.7-159) (“While the mean value is below the chronic [criterion] of 12 ng/L,
the range of baseline data . . . indicates that this criteria [sic] would be exceeded in some areas
within the 20-mile radius of the Mine Site some of the time.”); see also R. 17162 (FEIS at 3.7-151)
(mining operations “would likely cause an increase in exceedances of the 12 ng/L chronic
criterion.”).

» Ramboll 2021 at ES-1.
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Creek (-1.6% at the Kuskokwim and -2.0% at Crevice Creek).?* The report concludes that the
projected increase at Donlin Creek is too small to produce any increase in the number of
samples exceeding the chronic standard.”

As with the temperature model, these outcomes are far too close to the standard to
provide any assurance of compliance when considering the inherent uncertainty. If any of the
model’s projections are low by even a small amount, the mine would cause an increase in the
number and magnitude of exceedances over those that occur naturally, violating the standard.
Given the inherent uncertainty in the model, it provides no reasonable assurance of compliance.
Donlin has not carried its burden.

C. Donlin’s draft models are not conservative.

Faced with the inherent uncertainty of models, one way to make sound use of them is to
design them with conservative, risk-averse assumptions, so that errors would occur on the side
of safety. Donlin’s contractors did not do that here. Rather, they attempt to demonstrate bare
compliance with the applicable standards by omitting or eliminating conservative assumptions,
resulting in a high risk of violating the standards.

1. The draft temperature model ignores the likelihood of warmer stream
temperatures in the future from several causes.

The BGC Engineering draft temperature model omits real-world conditions that would
result in higher temperatures, and it is therefore not conservative. It is a simple mixing model:
It merely estimates the temperatures and volumes of the water entering the stream from
different sources (based on just six years of data) and adds them up.?” This simple approach
misses several real-world considerations that would raise temperatures. ONC emphasizes three
of them here.

First, the draft model is based on only six years of overlapping historic data and makes
projections based on the warmest month in that period, July 2005.2 Implicit in this is that the
warmest month in the 27-year life of the mine will be no warmer than July 2005, but that is
highly unlikely. With so many more years of operation than of data, it is likely there will be
warmer years and correspondingly warmer stream temperatures. By relying only on a highly

#Id. at 3-28. The model shows much more substantial reductions in American and Anaconda
creeks, but that is because those streams are mostly eliminated by the mine.

#1d. at 3-31.

% See, e.g., Exhibit 4 at 30 (EPA Guidance).

7 BGC 2021 at 5, 11.

*Id. at 5, 15.
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limited data set, the draft temperature model fails to make projections for foreseeably higher
temperatures.?

Temperature records from the National Weather Service (NWS) support the conclusion
that there have been and likely will be months warmer than July 2005. The nearest station with
temperatures reported online is Bethel. In Bethel, as at Crooked Creek, July 2005 had the
warmest mean average temperatures among the months with data from Crooked Creek: 2005-
2009 and 2011.% This confirms that Bethel and Crooked Creek experience similar weather
patterns. However, looking at just a few additional years of data from Bethel, there were five
months with average temperatures warmer than July 2005: two of them earlier (July and August
2004), and three of them later (July and August 2016, and July 2019).3! The same pattern holds
true for Bethel’'s mean maximum temperatures: July 2005 was highest among the years in the
BGC model, but there were five months with higher mean maximums in other years, both
earlier and later (July and August 2004, June 2015, July 2016, and July 2019).% It is all but certain
that there have similarly been warmer months at Crooked Creek and that there will be more in
the future.

Stream temperature records farther downstream in Crooked Creek also confirm this
conclusion. Federal agencies maintain stream temperature records from Crooked Creek at the
Crooked Creek Airport, downstream of the sites modeled by Donlin.?® While the warmest
Crooked Creek temperature modeled by Donlin based on July 2005 readings was 52.6°F
(11.4°C),* the downstream site database includes 20 readings higher than that, all but two of
which were in 2018 and 2019.% The highest was 54.7°F (12.6°C), just 0.7°F below the standard.®
On the basis of these high readings, the Department has proposed to list Crooked Creek on
Alaska’s impaired water body list for temperature in Category 3, “Waters for which there is not

* See also Exhibit 6 at 2 (T. Myers, “Surface Water Temperature Effects of the Proposed Donlin
Project” (Nov. 24, 2021)) (Myers 2021) (“BGC presents no analysis as to the frequency that the
low flows or high temperatures observed in summer 2005 have occurred so the predictive
power of that knowledge is limited.”).

*BGC 2021 at 5; Exhibit 8 at 1 (NWS, Bethel Temperature Data 2000-2022) (NWS 2022).

*' Exhibit 8 at 1 (NWS 2022).

21d. at 2.

» Exhibit 7 (National Water Quality Monitoring Council, Water Quality Portal, excerpt for
Crooked Creek, Alaska (USGS-15304010)) (Alaska waters database). This exhibit is an excerpt
from a massive federal database available at https://www.waterqualitydata.us/. The
Department formerly posted the Alaska waters in an Excel spreadsheet on its website. See
Exhibit 2 at 3 (ADEC, 2022 Draft Integrated Report, Questions and Answers). The excerpt in
Exhibit 7 includes just the temperature readings from Crooked Creek (USG5-15304010), sorted
from warmest to coldest.

*BGC 2021 at 15, 23.

* Exhibit 7 (Alaska waters database).

*1d.
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enough information to determine their status.”®” By withdrawing colder surface water and
groundwater from Crooked Creek at the mine site upstream, the mine would only warm the
water further. If there is not enough information to determine whether Crooked Creek
downstream of the mine currently complies with the temperature standard, then it is not
logically possible to support a finding of “reasonable assurance” that the proposed mine will
not cause violations.

The second respect in which the draft temperature model is not conservative is that it
fails to consider the effects of future climate change. As discussed, the model has insufficient
data to reflect even recent recorded warmer temperatures. Due to climate change, temperatures
will be warmer in the future, which could affect stream temperatures in two ways: “It could
decrease flows during warm, dry periods and increase the air temperature and therefore the
flux of heat from the air to the water. Both would increase the stream temperature.”%

While climate change will generally warm the whole planet, temperature increases are
expected to be greater on average at the high latitudes of the proposed mine. The U.S. Global
Change Research Program predicts that the Yukon-Kuskokwim region will warm significantly
over the course of this century.?* At Crooked Creek, the projected average monthly temperature
increases range between 3-7°F for 2030-2039 and 4-11°F for 2060-2069 under the low emissions
scenario (RCP 4.5).40 Under the high emissions scenario (RCP 8.5), the ranges are 3-9°F and 7-
14°F, respectively.*!

By failing to address future climate change, Donlin’s draft temperature model overlooks
foreseeably higher temperatures that would bump the mine’s impacts well over the standard.

The third respect in which the model is not conservative is that, as a simple mixing
model, it fails to consider thermal effects, i.e., warming that may occur from atmospheric
radiation and air temperatures warmer than the water. For example, the model assumes that
the temperature of Crooked Creek just below American Creek (node Q3) will equal the
temperature at Crooked Creek just above Anaconda Creek (node Q1), meaning that no

7 Exhibit 1 at 2, 11 (ADEC, 2022 Draft Integrated Report, Fact Sheet (Jan. 24, 2022)).

** Exhibit 6 at 3 (Myers 2021).

* See, e.g., Exhibit 9 at 16, Fig. 26.1 (U.S. Global Change Research Program, Fourth National
Climate Assessment, Volume II: Impacts, Risks, and Adaptation in the United States (Rev. Mar.
2021)) (showing projected average annual temperatures rising between 6-8°F under the lower
Representative Concentration Pathway (RCP) 4.5 scenario and 10-12°F under the higher RCP 8.5
scenario by 2070-2099).

* See Exhibit 10 at 1 (University of Alaska Fairbanks, Scenarios Network for Alaska,
Community Climate Charts, Crooked Creek (Qipcarpak), Alaska,
https://snap.uaf.edu/tools/community-charts (last accessed Feb. 3, 2022)).

* See id. at 3.

ED_014329A_00000114-00041



warming would take place as the stream flows between these tributaries.”? The distance
between the intersections of these tributaries with Crooked Creek is about three miles as the
crow flies,* which is about eight stream miles on this winding creek.# On a warm day, over a
distance of eight miles, there will clearly be some warming from the ambient air.*

The draft temperature model claims to make but one conservative assumption: that the
water removed from the creek by the dewatering wells would be as cold as average
groundwater.* To the extent this assumption is conservative, it does not offset the decidedly
non-conservative omissions described above.

Because Donlin’s draft temperature model predicts temperatures less than one degree
Fahrenheit below the standard, even a slightly higher temperature from any of these three
causes —unmeasured warmer years, climate change, and thermal effects —could easily bump
the stream temperatures over the standard. Taken together, violations are a near certainty.
Thus, the draft model is not conservative, and there is no “reasonable assurance” that the mine
will comply with the temperature standard. Donlin has not carried its burden of demonstrating
reasonable assurance of compliance.

2. The draft mercury model eliminates conservative assumptions and
aggressively seeks to minimize potential mercury emissions.

Nor is the Ramboll draft mercury model conservative. To the contrary, its central stated
purpose is to eliminate the principal conservative assumptions of the model used in the FEIS,+
to be “more accurate” rather than risk-averse.* While Ramboll claims to make a few remaining
conservative assumptions among the countless inputs to the complex, multi-part model,* the
dominant feature of the model is an aggressive attempt to downplay estimated emissions of
mercury. Compared to the FEIS, it claims a 72% decrease in processing emissions and a 73%
decrease in tailings emissions, which are by far the two largest sources of emissions from the
mine.® As discussed further below, both revised calculations are implausibly low.

#BGC 2021 at 10, 11.

# See id. at 6.

* The FEIS reports that this segment, called CR-R4, see R. 17730 (FEIS Fig. 3.13-1), has a
sinuosity of 2.7. R. 017734 (FEIS at 3.13-13, Tbl. 3.13-1). Three miles in a straight line thus
includes 8.1 stream miles (3 x 2.7 =8.1).

* See Exhibit 6 at 3 (Myers 2021).

*BGC 2021 at 12.

# Ramboll 2021 at ES-1, 2-2, 3-9 to 3-10, 3-13 n.15.

*Id. at ES-1.

® Id. at 3-12 (disregarding the use of settling reagents in tailings water), 3-20 (disregarding in-pit
retention of fugitive dust), 3-28 (assuming effluent will contain the maximum allowed mercury
level).

**Id. at ES-1 & ES-2, Tbl. ES-1.
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It is potentially misleading for Ramboll to state that it was “conservative” to use the
years of peak projected mercury emissions from the tailings disposal site and fugitive dust.>!
The law requires considering peak conditions. Alaska’s water quality standards apply on every
day of every year for the life of the mine and beyond.”? While the Department may grant short-
term variances under certain conditions,” it has not done so here and Donlin has not requested
one. In the absence of a variance, any model must therefore make projections for the point in
time at which mercury concentrations would be expected to be greatest. The failure to do so
would offer no reasonable assurance of compliance when concentrations are highest. Modeling
for this legal requirement is therefore not particularly “conservative.” And because the model
predicts compliance by only the thinnest of margins at that time, the uncertainty inherent in the
model precludes a finding of reasonable assurance. Donlin has failed to carry its burden.

D. The draft models lack basic analysis to assess reliability in the face of
uncertainty.

Both of Donlin’s draft models make the elementary mistake of presenting each outcome
as a single, highly precise number—such as 54.8°F at the American Creek inflow® and a 0.8%
increase in mercury in Donlin Creek®™ —with no attempt to characterize the degree of
uncertainty. It is simply not possible to predict temperatures to the nearest 0.1°F or mercury
concentrations to the nearest 0.1% in streams 30 years in the future following massive
alterations to complex natural systems. By asserting such outcomes, both models imply a
measure of precision far beyond their capability, and indeed beyond the capability of any
model.

Neither report discloses even such basic measures of uncertainty as standard deviation,
standard error, or confidence intervals.?® And those measures alone would not be sufficient,
even if they had been included: “Simply putting error bars around the final result is inadequate
in capturing the full uncertainties and complexities of models.”” Nor does either model present

U Id. at 3-14, 3-20.

> See generally 18 AAC 70.010.

18 AAC 70.200, .205.

> BGC 2021 at 15.

> Ramboll 2021 at 3-31.

% See, e.g., Exhibit 4 at 83-84 (EPA Guidance).
* Wagner et al. at 352.
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alternative scenarios, another recommended tool.*® Both models have multiple inputs that are
estimates of future values, each of which is subject to its own standard deviations, standard
errors, and confidence intervals that would affect the model’s ultimate outcome, but the reports
disclose little or none of this. By presenting a single, implausibly precise number as the
definitive outcome, both draft reports present their models as “truth machines,” a practice
cautioned against by EPA% and other commentators.®

EPA’s modeling guidance establishes best practices to evaluate the uncertainty inherent
in models for environmental decision-makers. These safeguards include corroboration,
sensitivity analysis, uncertainty analysis, and peer review,* none of which were undertaken, at
least in any meaningful way, for either of Donlin’s draft reports. Of course, corroborating the
models with data from actual conditions is impossible, since those conditions will exist only
after the massive excavations, diversions, pumping, filling, processing, and discharges
associated with the mine. In these circumstances, the other tools—including sensitivity
analysis, uncertainty analysis, and peer review —are even more important.®?

An example of better treatment of uncertainty is the discussion of the groundwater flow
model in the FEIS. It acknowledges the unknown data, tests different scenarios with different
outcomes, and cautions readers “that the model results showing impacts to Crooked Creek
should be regarded as uncertain, and that the analysis of project effects should include scenarios
other than the base case (e.g., the sensitivity analyses described above).”® Neither of Donlin’s
new draft reports include any such evaluation or disclosure, even though both reports rely on
that very model and countless other uncertain inputs.

** See Exhibit 4 at 39 (EPA Guidance) (“To facilitate communication of model uncertainty, the
committee recommends using hybrid approaches in which unknown quantities are treated
probabilistically and explored in scenaric-assessment mode by decision makers through a range
of plausible values.”); Wagner et al. at 352 (“[M]odels should be created with a variety of
assumptions and scenarios that illustrate the differences these assumptions and choices make
for policymakers.”).

** Exhibit 4 at 27 (EPA Guidance) (“Models . . . can best be viewed as tools to help inform
decisions rather than as machines to generate truth or make decisions.”).

% Wagner et al. at 295-96.

°! Exhibit 4 at 29 (EPA Guidance).

% Id. at 37 (“In many cases, collecting independent datasets for formal model corroboration is
extremely costly or otherwise unfeasible. In such circumstances, model evaluation may be
appropriately conducted using a combination of other evaluation tools discussed in this
section.”).

% R. 16980-82 (FEIS at 3.6-36 to 3.6-38).
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1. The draft temperature model contains insufficient evaluation of
uncertainty.

The BGC Engineering draft temperature model includes just one sensitivity analysis on a
single variable in the model: the temperature of the effluent discharge.** Testing a single input
in the model is not sufficient as a meaningful sensitivity analysis, because it does not enable the
user to compare and evaluate the model’s multiple sources of uncertainty: “Sensitivity analysis
is recommended as the principal evaluation tool for characterizing the most and least important
sources of uncertainty in environmental models.”® It should be used “early and often.”® To
test just a single input, then, largely misses the point.

To its credit, the draft temperature model also includes two paragraphs identifying
multiple sources of uncertainty associated with the model and acknowledging the model does
not account for them.®” This is an important acknowledgement, and it reinforces the conclusion
that the outcome should be treated as subject to a high, though un-evaluated, degree of
uncertainty.

Even without such basic analytical tools as standard deviations, confidence intervals,
error bars, sensitivity analysis, uncertainty analysis, alternative scenarios, or peer review, the
draft temperature report makes clear that there is no reasonable assurance the standard will be
met. As discussed above, the projected temperatures are almost exactly at the standard, despite
a model design disregarding important factors that would result in higher temperatures.
Rigorous evaluation of the draft model would only confirm the conclusion that there is no
reasonable assurance of compliance.

Dr. Tom Myers—a consulting hydrologist with decades of experience assessing impacts
of mines, including mine dewatering and groundwater modeling®—tested the sensitivity of the
model to changes in just a few of the model inputs. He demonstrates that even small, plausible
changes in the inputs to the BGC Engineering draft model would lead to violations of the
standard. The draft model recognizes that the proposed mine’s tailings facility would eliminate
most of the flow from Anaconda Creek (Q2).¢ But if the flow drops to zero (as is possible given
uncertainties in future streamflows), the tributary’s cooling effect on Crooked Creek would
disappear and raise the temperature in Crooked Creek (Qa) to 54.9°F, violating the standard.”
The draft model assumes (with no data) that effluent temperatures from the wastewater
treatment facility will not be high enough to affect the stream, but if discharges are much

# BGC 2021 at 18.

% Exhibit 4 at 39 (EPA Guidance).
% Id. at 16.

" BGC 2021 at 22.

% Exhibit 6 at 7-18 (Myers 2021).
¥ BGC 2021 at 2, 11.

" Exhibit 6 at 4 (Myers 2021).
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warmer than assumed, the standard would be violated.” If thermal effects assumed not to exist
by the draft model warm Crooked Creek just a couple degrees between tributaries, the standard
would be violated.” If the stream temperature in Anaconda Creek (Q2) is less than a degree
warmer than the modeled temperature, it would warm Crooked Creek (Qa) above the
standard.” If the background water temperature is less than a degree higher than in July 2005,
the temperature standard would be violated.”

For these reasons, Myers concludes that “there are so many assumptions necessary to
keep the temperatures from exceeding the standards that it is likely that future stream
temperatures will exceed the standards, especially as climate change increases the background
temperatures that the mine will only increase with its effects.””> There is no reasonable
assurance that the proposed mine will comply with the temperature standard. Donlin has not
carried its burden of demonstrating reasonable assurance of compliance.

Dr. Myers’ report is attached to this letter as Exhibit 6. ONC incorporates it by reference
and requests that the Department provide a complete response to it as if set out here in its
entirety.

2. The draft mercury model contains insufficient evaluation of
uncertainty.

While the draft temperature model at least acknowledges sources of uncertainty, the
Ramboll draft mercury model concedes no such limitations. Nor does it contain any sensitivity
analysis or any of the other safeguards recommended by EPA or other commentators. This is
not for lack of need. The mercury model is much more complex than the temperature model
and has correspondingly many more sources of uncertainty. The FEIS acknowledges, correctly,
that “[p]redicting changes in mercury concentrations in aquatic systems is challenging....”7¢

The draft mercury model is a vastly more ambitious undertaking than the temperature
model. While the temperature model simply adds up the estimated temperatures and volumes
of different inputs to the stream system, the mercury model attempts to capture the effects of
countless inputs from diverse natural and mining-induced physical, chemical, and thermal
processes. The Ramboll draft model: estimates the mercury concentrations in the ore, the pit
and the waste rock;”” estimates the resulting fugitive gas emissions, stack emissions, and
fugitive dust emissions, including wind erosion, from dozens of individual sources at the mine

1d. at 3, 5.

1d. até6.

BId.

"Id.

" d.

% R. 17162 (FEIS at 3.7-151).

"7 Ramboll 2021 at 2-3, 3-16 to 3-17.
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(see Appendix A hereto);”® estimates the particle size distribution of the dust sources;” estimates
the mercury retention rate in the soils, relying on lake sediments extrapolated to a stream
system and on data from ecoregions deemed similar to the Crooked Creek watershed;®
estimates mercury sources in surface waters by geochemical fingerprinting deduced from
mercury-to-aluminum ratios;®! estimates upstream streamflows relying in part on data from the
CCAK monitoring station;®? estimates upstream mercury mass loading in the stream also based
on data from the CCAK site;® estimates baseline atmospheric deposition and geologic loading
of mercury;* estimates reductions in mercury mass loading due to diversions of American and
Anaconda creeks;® estimates mercury mass loading from the proposed wastewater treatment
plant discharges;* and, from these estimates, calculates ultimate estimates of mass loading and
mass balance at five monitoring stations in the Crooked Creek watershed, for both baseline
conditions and mine operating conditions.?

At each of these many model inputs, estimates were made, though there is almost no
disclosure of the standard deviations, standard errors, confidence intervals, or any other
measures of the uncertainty each of these estimates contributes to the model’s outcomes. For
numerous inputs, the model relies on other models. Examples named in the Ramboll report
include:

e EPA mercury modeling database for stack emissions from boilers, heaters, and

incinerators.ss

e ENVIRON modeling of atmospheric mercury deposition flux.#
e Streamflow and loading regression model to fill in gaps in data.”
e A conceptual terrestrial model of the ecosystem.”’

e Least squares linear regression model for mercury retention rate in sediments.”

e CALPUFF model for particle sizes for dry and wet deposition.”

" 1d.
P Id.
1d.
S 1d.
1d.
8 1d.
#1d.
1d.
1d.
1d.
®1d.
¥ 1d.
% Id.
o Id.
2 Id.
»Id.

at 3-12 to 3-21.
at 3-10 to 3-11.
at 3-3 to 3-6.
at 3-6 to 3-9.
at 3-24 to 3-25 & E5-4, Fig. ES-2.
at 3-25.

at 3-26.

at 3-26 to 3-28.
at 3-28.

at 3-28 to 3-31.
at 3-18 to 3-19.
at2-2, 3-9.

at 2-4, 3-24.

at 3-1, 3-26.

at 3-3.

at 3-11, 3-22.
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e (Geochemical modeling of the tailings filtrate water from the Feasibility Pilot Phase 2
study, which in turn relied on the Geochemist’s Workbench model.*

With every new model and every estimated input, there is a new source of uncertainty. “[Als
models become more complex to treat more physical processes, their performance tends to
degrade because they require more input variables, leading to greater data uncertainty.”®

In a model with so many inputs, it is useful to begin sensitivity analysis early in model
development “to identify the relative importance of model parameters.”* Yet, if Ramboll
performed any sensitivity analysis, it is not disclosed in the report. In fact, the report makes no
attempt whatever to acknowledge, characterize, or evaluate the uncertainty. It contains not
only no sensitivity analysis, but no standard deviations, no confidence intervals, no error bars,
no alternative scenarios, no uncertainty analysis, and no peer review.

For these reasons, the Department must assume that the mercury estimates are subject to
an extremely high degree of uncertainty. Given that the draft model produces outcomes that
would comply with the chronic mercury standard by only the thinnest of margins, the inherent
uncertainty compels the conclusion that there is no reasonable assurance of compliance. Donlin
has not carried its burden to demonstrate otherwise.

This conclusion assumes that the model is otherwise well designed and based on
supportable data. If it is not, then violations are even more likely.

E. The draft mercury model contains critical errors underestimating emissions.

Dr. Glenn Miller —Professor Emeritus at the University of Nevada, Reno with
substantial experience in mercury contamination from mining” —evaluated the Ramboll draft
mercury model and found that its predictions of mercury emissions from the mine are
implausibly low. “To report that only 30 kg (66 Ibs) (total from both thermal sources and
fugitive emissions sources) would be released from the Donlin mine strains credibility.”*® He
identifies two significant sources of error in addition to multiple sources of uncertainty.

*1d. at 3-12 & n.10.

* Exhibit 4 at 22 (EPA Guidance); see also Exhibit 5 at 7 (G. Miller, “Review of Draft Report:
Donlin Gold Mine Supplemental Mercury Modeling and Mass Balance Analysis by Ramboll
U.S. Consulting, Inc.” (Mar. 4, 2022)) (Miller 2022) (listing other sources of uncertainty in the
draft mercury model).

% Exhibit 4 at 22 (EPA Guidance); see also id. at 16 (“Sensitivity analysis should be used early
and often.”).

7 Exhibit 5 at 1, 10-21 (Miller 2022).

®1d. at 1.
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First, the draft model significantly underestimates mercury emissions from the tailings
pond, because it apparently fails to consider the cyanide in the tailings fluid.”® This is
important, because cyanide reacts with mercury, making it highly soluble in water.’®® “[TThe
mercury content in tailings water is a function of cyanide content....”' If, as appears to be the
case, the Ramboll report failed to take the cyanide into account, the estimates of mercury
concentrations in the tailings pond “may be off by orders of magnitude.”'” He also compares
the proposed Donlin project to the Twin Creek tailings facility, which has measured mercury
emissions of 63 kg/year, far greater than the 7.5 kg/year Ramboll predicts for Donlin. Miller
concludes, “Ultimately, the combination of a much higher mercury content in tailings from the
Donlin Mine and the larger tailings surface area suggest that the mercury volatilization from the
tailings is dramatically underestimated.”'®® The underestimate of emissions from tailings is
critical, because the tailings storage facility is the biggest source of nonthermal mercury
emissions from the proposed mine.!%

Second, the draft model also significantly underestimates mercury emissions from
thermal sources at the mine by assuming an implausibly high 99.8% efficiency in capturing
mercury.'® Miller compares the proposed Donlin mine to the Barrick Goldstrike Mine in
Nevada, which is the largest producer of byproduct mercury in that state (possibly the nation)
and is doing a good job of capturing mercury.’® While Goldstrike emits 60 pounds (27 kg) of
mercury per year from the autoclaved ore based on actual measurements, the Ramboll draft
mercury model predicts only 35 pounds (16 kg) from Donlin. Miller concludes that “the Donlin
Mine is likely to emit at least 60 lbs of mercury, and perhaps more, since 30% more ore is being
subjected to the autoclave based process.”'”” Miller attributes the underestimate in part to the
fact that the Ramboll draft model relies on emission factor estimates from the companies
making the control equipment rather than on actual emissions from operating mines like
Goldstrike.'® Ramboll also assumes predictable levels of mercury management over time,
failing to take into account the high variability of mercury managed each year in the real world.
For example, at the Goldstrike Mine, annual mercury management varied by a factor of three
over just five years.!® Miller notes that the Ramboll draft model, if correct, would make Donlin

?Id. at 1-5.

100 14 at 2.

014, at 3.

192 14, at 4.

103 [d

19 Id. at 2; see also Ramboll 2021 at ES-2, Tbl. ES-1 (listing sources of mercury emissions).
15 Exhibit 5 at 5-7 (Miller 2022).
06 14 at 5, 6.

Y7 1d. at 7.

%814, at 6, 7.

99 14, at 6.
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the best performing gold mine in North America despite managing and producing more
mercury than any gold mine but one. This, he finds, “strains credibility.” 110

Miller concludes, “Both the fugitive emissions from the tailings facility and the
emissions from the thermal sources appear to be substantially underestimated, and the
resulting receiving waters are likely to have greater concentrations during and after the Donlin
Mine is closed.”!!! Therefore, it is not possible to find reasonable assurance that the proposed
mine will comply with the chronic criterion for mercury. Donlin has failed to carry its burden
of demonstrating reasonable assurance of compliance.

Dr. Miller’s report is attached to this letter as Exhibit 5. ONC incorporates it by
reference and requests that the Department provide a complete response to it as if set out here
in its entirety.

F. Donlin must comply with both standards, which is even less likely than
complying with either standard separately.

Even if it were possible to show reasonable assurance of compliance with either the
temperature standard or the mercury standard, Donlin must demonstrate compliance with both
(as well as every other applicable standard), which is even less likely. The applicable rule
requires a single finding for all water quality standards."'? It is roughly like needing to get
heads twice in a row in a coin toss. There is a 50% chance of getting heads on either toss, but
only a 25% chance of doing so on both tosses. The four equally likely outcomes are HH, HT,
TH, and TT. Only the first meets the requirement.

The likelihood of meeting both standards would be low even if the odds of meeting each
standard were greater than 50%. Assume, for purposes of argument, that the likelihood of
meeting each standard was 70%, which would be highly optimistic based on the draft models’
projections and inherent uncertainties. In that scenario, assuming the mine’s impacts to
temperature and mercury are independent, the odds of meeting both standards would be only
49% (70% x 70% = 49%). Thus, even with unrealistically high expectations for each standard,
the odds of complying with both are less than 50% and even farther below “reasonable
assurance.”

The likelihood of complying with both standards in this scenario would probably be
even lower than 49%, because one important input—streamflow —is not independent. It has
opposite impacts on mercury and temperature. The temperature standard is most likely to be
violated when streamflows are low, while the mercury standard is most likely to be violated

1014, at 7.
4. at 8.
112 40 C.F.R. § 121.2(a)(3) (2019).
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when streamflows are high. Thus, as streamflow conditions favor compliance with one
standard, they put the other at greater risk, making it even harder to comply with both.

For these reasons, to find reasonable assurance of compliance with both the mercury and
temperature standards would require wildly optimistic projections about compliance with each
standard, far beyond what Donlin’s draft reports justify. Donlin has failed to carry its burden of
demonstrating compliance with all applicable standards.

III. Conclusion.

Donlin’s draft models make it clearer than ever that there is no reasonable assurance the
mine as proposed will comply with the mercury or temperature standards. Donlin
commissioned these reports hurriedly, in response to ONC’s appeal to Superior Court. Despite
the strong incentive to demonstrate compliance with the applicable standards, the models
generate outcomes that would only barely do so. Even on the face of the models, assuming for
purposes of argument they were well done, these outcomes are so close to the standard and so
high in uncertainty that there is no reasonable assurance of compliance with either standard,
never mind both. When the assumptions, biases, omissions, and errors of the models are
considered, together with the need to meet both standards at all times, it is even more clear that
there is no reasonable assurance of compliance. Donlin has fallen far short of carrying its
burden to demonstrate reasonable assurance of compliance with all of Alaska’s water quality
standards.

For thousands of years, the Yup'ik, Cup'ik, and Athabascan peoples of southwest Alaska
have relied on the Kuskokwim River, the Yukon River, and their tributaries for the wealth of
fish they sustain, for sustenance and health, for travel and trade, and for a way of life. The
proposed mine places all of this at risk. The tribes will have to live with the consequences
forever, long after Donlin has left. The Department’s decision, in short, will resonate for all
time. Donlin’s draft reports, far from demonstrating compliance with water quality standards,
merely reinforce the conclusion that there is no reasonable assurance of compliance.

For these reasons, the Department should rescind the Certificate of Reasonable
Assurance.

Thank you for your careful attention to these comments.

Sincerely,

TS o —
A s i &
S },/,-A’Wmﬁ. A i’*
e

Thomas S. Waldo
Attorney for Orutsararmiut Native Council
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APPENDIX A

The Ramboll draft mercury model includes individual estimates of mercury emissions
from each of the following sources:

e Fugitive gaseous emissions from the:

tailings pond;
tailings beach;

ore stockpiles;

pit; and

waste rock facility.

e Stack emissions from:

autoclave 101;

autoclave 201;

carbon regeneration kiln;
electrowinning cells;
retort;

induction melting furnace;
boilers/heaters; and
incinerators.

e Fugitive dust emissions from:

drilling;
blasting;

ore loading;

ore unloading;
waste loading;
waste unloading;
ore hauling;
waste hauling;
dozer use;
grader use; and
water truck use.

e Fugitive dust wind erosion from the:

tailings beach;

haul roads;

access roads;

waste rock facility;
ore stockpiles;
overburden stockpile;
crusher circuit;
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e ore transfer;

e pebble crusher;

e thermal processes; and
e laboratories.

Source: Ramboll 2021 at 3-12 to 3-21.

21

ED_014329A_00000114-00053



Exhibit No.

TABLE OF EXHIBITS

Description

10

Alaska Department of Environmental Conservation (ADEC), 2022 Draft
Integrated Report, Fact Sheet (Jan. 24, 2022)

ADEC, 2022 Draft Integrated Report, Questions and Answers

Association of Village Council Presidents, A Resolution Opposing the Further
Development and Near Future Operation of the Donlin Creek Gold Mine,
Resolution 19-09-10 (Sept. 2019) & K. Shallenberger, AVCP delegates pass
resolution against Donlin Gold Mine, ALASKA PUBLIC MEDIA (Sept. 27, 2019)

Environmental Protection Agency, Guidance on the Development, Evaluation,
and Application of Environmental Models (Mar. 2009),

https://www .epa.gov/measurements-modeling/guidance-document-
development-evaluation-and-application-environmental-models

G. Miller, “Review of Draft Report: Donlin Gold Mine Supplemental Mercury
Modeling and Mass Balance Analysis by Ramboll U.S. Consulting, Inc.”
(Mar. 4, 2022)

T. Myers, “Surface Water Temperature Effects of the Proposed Donlin Project”
(Nov. 24, 2021)

National Water Quality Monitoring Council, Water Quality Portal, excerpt for
Crooked Creek, Alaska (USGS-15304010), https://www.waterqualitydata.us/
(last accessed Jan. 31, 2022)

National Weather Service, Bethel Temperature Data 2000-2022,
https://www.weather.gov/wrh/Climate?wfo=afg (last accessed Jan. 31, 2022)

U.S. Global Change Research Program, Fourth National Climate Assessment,
Vol. II: Impacts, Risks, and Adaptation in the United States (Rev. Mar. 2021)
(excerpts)

University of Alaska Fairbanks, Scenarios Network for Alaska, Community

Climate Charts, Crooked Creek (Qipcarpak), Alaska,
https://snap.uaf.edu/tools/community-charts (last accessed Feb. 3, 2022)
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DEPARTMENT OF LAW
OFFICE OF THE ATTORNEY GENERAL
ANCHORAGE BRANCH
1031 W. FOURTH AVENUE, SUITE 200
PHONE (907) 269-5100

ANCHORAGE, ALASKA 99501

anc.law.ecf(@alaska.gov

IN THE SUPERIOR COURT FOR THE STATE OF ALASKA
THIRD JUDICIAL DISTRICT AT ANCHORAGE

Orutsararmiut Native Council,
Appellant,
V.

Alaska Department of Environmental
Conservation and Donlin Gold LLC,

)
)
)
)
)
)
)
)
)
Appellees. )
)

Case No. 3AN-21-06502 CI

MOTION FOR INTERLOCUTORY REMAND

The Alaska Department of Environmental Conservation (ADEC or
Commissioner) moves for an interlocutory remand of this appeal back to the
Commissioner. Donlin Gold, LLC (Donlin) recently submitted updated scientific
information and analysis to ADEC and Orutsararmiut Native Council (ONC). In the
Commissioner’s judgment, this information potentially affects the May 27, 2021 Order
upholding the Division of Water’s (Division) 2019 Certificate of Reasonable Assurance
(2019 Certificate). The Commissioner respectfully asks this Court to remand ONC’s
appeal to him so the Department can solicit input from the parties about whether, and to
what extent, Donlin’s technical evaluations of mercury and water temperature affect the
Commissioner’s May 27, 2021 Order. Such a remand would prejudice no party and
would save the parties and this Court from potentially wasting effort on an appeal

resting on a set of facts that could be inaccurate or incomplete.
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DEPARTMENT OF LAW
OFFICE OF THE ATTORNEY GENERAL
ANCHORAGE BRANCH
1031 W. FOURTH AVENUE, SUITE 200
PHONE (907) 269-5100

ANCHORAGE, ALASKA 99501

BACKGROUND

On August 10, 2018, the Division issued a Certificate of Reasonable Assurance
(2018 Certificate) attesting that Donlin’s proposed gold mine 10 miles north of the
village of Crooked Creek, Alaska, would comply with state water quality standards
implemented by ADEC. See Administrative Record (AR) 4643-47. ONC
administratively appealed the 2018 Certificate and, after remand, the Division issued a
revised Certificate of Reasonable Assurance on April 5, 2019 (2019 Certificate).
AR 809-16. ONC sought informal review of the 2019 Certificate and, again after
remand, the Division reissued the certificate on May 7, 2020. AR 4384. The 2020
Certificate was administratively appealed. The parties participated in a hearing via
briefing to the Office of Administrative Hearings. On May 27, 2021 ADEC
Commissioner Jason Brune issued a 48-page decision upholding the Division’s issuance
of the Certificate for the Donlin gold mine. AR 30770. The Commissioner agreed with
the Division’s finding that there was reasonable assurance that the mine would not
violate applicable water quality standards, including protection of existing uses, and
water quality standards related to mercury and temperature.

Pursuant to Alaska R. App. P. 602, ONC appealed the Commissioner’s Order on
June 28, 2021. On September 27, 2021, Donlin requested a temporary stay in briefing
before this Court to allow Donlin to provide all parties additional information on two
water quality standards at issue in ONC’s appeal: mercury and temperature limits.
Donlin also proposed a schedule pursuant to which the Commissioner would review the
new information and report back with a proposed course of action if the new

Orutsararmiut Native Council v. ADEC, et al. Case No. 3AN-21-06502 CI
Motion for Interlocutory Remand Page 2 of 7
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DEPARTMENT OF LAW
OFFICE OF THE ATTORNEY GENERAL

ANCHORAGE BRANCH
1031 W. FOURTH AVENUE, SUITE 200
ANCHORAGE, ALASKA 99501
PHONE (907) 269-5100

information could affect the decision on appeal. The Department, recognizing the
potential significance of the new analysis and information, filed a nonopposition to
Donlin’s request for stay on September 30, 2021. The State received Donlin’s reports on
October 22, and ONC received the information on October 25.

ADEC has now performed a preliminary review of the new information included
n two reports provided by Donlin regarding mercury and temperature standards, and
believes that the new information does indeed potentially affect the decision here on
appeal. Accordingly, the Commissioner now asks this Court to exercise its authority to
grant a limited interlocutory remand and enter an order instructing the parties to
evaluate the information, in consultation with experts if necessary, and brief the
Commissioner pursuant to the proposed procedure set forth below.

ARGUMENT

L RULE OF APPELLATE PROCEDURE 520(C) GRANTS THIS COURT DISCRETION
TO REMAND APPEALS TO THE AGENCY TO CONSIDER NEW INFORMATION.

Pursuant to Part Six of the Rules of Appellate Procedure, this Court functions as
the appellate court for decisions rendered by an administrative agency, including
ADEC. Alaska R. App. P. 601(a). This Court, pursuant to Rule 520(c), may thercfore
“remand the cause and direct the entry of such appropriate judgment, decree or order”
or, similarly, it may “require such further proceedings to be had as may be just under the
circumstances.” Alaska R. App. P. 520(c). Under either clause of Rule 520(c), this
Court has significant discretion to avail itself of procedures to clarify questions arising

out of the administrative record. See, e.g., Seybart v. Cominco Alaska Expl., 182 P.3d

Orutsararmiut Native Council v. ADEC, et al. Case No. 3AN-21-06502 CI
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1079, 1098-99 (Alaska 2008) (relying in part on Rule 520(c) to affirm a superior court’s
decision to stay and remand “during the course of an appeal to the superior court” for
supplemental proceedings).

This is particularly true when “specified questions within the special expertise or
authority of an administrative agency” can be resolved with further agency proceedings.
Wade Oilfield Serv. Co. v. Providence Washington Ins. Co. of Alaska, 759 P.2d 1302,
1305 (Alaska 1988). When, as here, technical information arises during the appeal that
falls within the technical expertise of an agency, courts often remand to the agency to
develop and consider that information. See e.g., Tulkisarmute Native Cmty. Council v.
Heinze, 898 P.2d 935, 939 (Alaska 1995). In Tulkisarmute, the Appellants sought to
augment the administrative record with two reports to show “that there was insufficient
data to conclude that there would be no harm to fish, and that in at least some streams
degradation of fish habitat was certain to occur.” /d. Following a hearing, the Court
remanded the appeal to the Alaska Department of Natural Resources to “decide whether
to accept and consider the additional materials offered by [Appellants].” /d. Ultimately,
DNR added new documents to the record but did not amend its decision; the Appellants
were still able to seek review in Superior Court. /d.

ADEC proposes a similar process here. Donlin’s supplemental mercury modeling
and temperature analysis and the potential impacts of that science on fish habitat and
populations are directly analogous to the materials considered on remand in
Tulkisarmute. Id. Donlin’s new mercury modeling appears to incorporate new studies
published since the Final Environmental Impact Statement was issued and offers

Orutsararmiut Native Council v. ADEC, et al. Case No. 3AN-21-06502 CI
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corrections to methodological assumptions that may affect the Commissioner’s May 27,
2021 Decision. Similarly, Donlin’s analysis of stream temperature in Crooked Creek
appears more focused than the analysis in the FEIS and could also affect critical
conclusions proffered by ONC to this Court. Both reports could therefore impact the
Commissioner’s ultimate decision or, at a mmimum, the basis of that decision. That
could alter the issues on appeal and the positions of the Parties.

Even absent technical and complex facts and analysis such as those at issue in
this case and Tulkisarmute, courts routinely remand discrete issues to agencies while
retaining jurisdiction over the appeal. See Jeffries v. Glacier State Tel. Co., 604 P.2d 4,
6-8 (Alaska 1979) (discussion superior court order remanding matter to the Public
Utilities Commission but retaining jurisdiction over the appeal); City & Borough of
Juneau v. Thibodeau, 595 P.2d 626, 627 (Alaska 1979) (discussing remand for
development of administrative agency record); Voices of the Wetlands v. State Water
Resources Control Bd., 257 P.3d 81, 97-98 (Cal. 2011) (approving of interlocutory
remand to state agency for consideration of additional evidence in an environmental
permitting case); Keeler v. Superior Ct. of Cal. In & For Sacramento Cty., 297 P.2d
967, 970 (Cal. 1956) (approving of court remanding appeal from administrative
decision to the agency for additional development). An interlocutory remand would
preserve the posture of the appeal such that ONC may subsequently return to this Court,
preserving ONC’s rights to appellate review. The 2020 Certificate would remain in
effect pending remand. And no prejudice to any party would result from delay, given
that no development is yet occurring on the project.

Orutsararmiut Native Council v. ADEC, et al. Case No. 3AN-21-06502 CI
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II. INTERLOCUTORY REMAND SERVES THE INTEREST OF JUDICIAL ECONOMY.

An interlocutory remand would afford the parties the opportunity to crystalize
the 1ssues on appeal without wasting judicial resources on a record that is potentially
incomplete or even in some ways inaccurate. The Commissioner may, upon further
consideration and review of Donlin’s new information on remand, 1ssue a new decision
to give effect to ADEC’s program and policy. See AS 46.03.010; 46.03.020(2). The
decision before this Court could change, slightly or significantly, with the new
information and the parties’ arguments about that information taken into account. Thus,
it makes good sense to remand the matter to the Commissioner for further development
in light of the new information before the parties and this Court devote significant
resources to a decision on an outdated record.

CONCLUSION

The Commissioner, therefore, asks this court to STAY this appeal and remand it to
ADEC with an order establishing the following process upon remand:

1. From the date of remand to the Commissioner, the parties (the Division, Donlin,
and ONC) have 90 days to review Donlin’s additional reports, with potential
input from experts if the parties so choose.

2. From the completion of the 90 day review period, the parties have 30 days to
submit simultaneous briefs to the Commissioner regarding the effect, if any, of

the information provided by Donlin on the Commissioner’s May 27, 2021

Decision.
Orutsararmiut Native Council v. ADEC, et al. Case No. 3AN-21-06502 CI
Motion for Interlocutory Remand Page 6 of 7
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3. Upon receipt of the Parties’ briefs, the Commissioner has 45 days to issue a

Proposed Decision.

4. The Parties then have 21 days to respond to the Proposed Decision.

5. The Commissioner then has 21 days to issue a Final Decision.

6. The parties then have 30 days to move this Court for a lift of the stay and any

necessary revision to the points on appeal, or for dismissal of the appeal.

DATED November 19, 2021.

Orutsararmiut Native Council v. ADEC, et al.
Motion for Interlocutory Remand

TREG R. TAYLOR
ATTORNEY GENERAL

By:

/s/ Katherine Demarest
Katherine Demarest
Assistant Attorney General
Alaska Bar No. 1011074

Case No. 3AN-21-06502 CI
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IN THE SUPERIOR COURT FOR THE STATE OF ALASKA
THIRD JUDICIAL DISTRICT AT ANCHORAGE

Orutsararmiut Native Council,
Appellant,
V.

Alaska Department of Environmental
Conservation and Donlin Gold LLC,

)
)
)
)
)
)
)
)
)
Appellees. )
)

Case No. 3AN-21-06502 CI

PROPOSED ORDER GRANTING INTERLOCUTORY REMAND
The Court, having considered the Alaska Department of Environmental
Conservation (ADEC or Commissioner)’s Motion for Interlocutory Remand and the
parties’ responses thereto, hereby GRANTS the motion. This appeal is hereby STAYED
and REMANDED to the Commissioner of ADEC with the following procedures to
apply on remand:

1. From the date of remand to the Commissioner, the parties (the Division, Donlin,
and ONC) have 90 days to review Donlin’s additional reports, with potential
input from experts if the parties so choose.

2. From the completion of the 90 day review period, the parties have 30 days to
submit simultaneous briefs to the Commissioner regarding the effect, if any, of
the information provided by Donlin on the Commissioner’s May 27, 2021

Decision.
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3. Upon receipt of the Parties’ briefs, the Commissioner has 45 days to issue a
Proposed Decision.

4. The Parties then have 21 days to respond to the Proposed Decision.

5. The Commissioner then has 21 days to issue a Final Decision.

6. The parties then have 30 days to move this Court for a lift of the stay and any
necessary revision to the points on appeal, or for dismissal of the appeal.

DATED: , 2021.

The Honorable Catherine Easter
Superior Court Judge

Orutsararmiut Native Council v. ADEC, et al. Case No. 3AN-21-06502C1
Proposed Order Granting Interlocutory Remand Page 2 of 2
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IN THE SUPERIOR COURT FOR THE STATE OF ALASKA
THIRD JUDICIAL DISTRICT AT ANCHORAGE

Orutsararmiut Native Council,
Appellant,
V.

Alaska Department of Environmental
Conservation and Donlin Gold LLC,

)
)
)
)
)
)
)
)
)
Appellee. )
)

Case No. 3AN-21-06502 CI

ANCHORAGE BRANCH
1031 W. FOURTH AVENUE, SUITE 200
PHONE (907) 269-5100

DEPARTMENT OF LAW
OFFICE OF THE ATTORNEY GENERAL

ANCHORAGE, ALASKA 99501

CERTIFICATE OF SERVICE
I certify that on November 19, 2021, a true and correct copies of the Motion for
Interlocutory Remand, Proposed Order Granting Interlocutory Remand, and this

Certificate of Service were served on the following via email:

Thomas S. Waldo Eric B. Fjelstad

Olivia Glasscock James N. Leik

Maile Tavepholjalern Cameron Jimmo

EARTHIUSTICE PERKINS COIE LLP

Email: tom.waldo@earthjustice.org Email: EFjelstad@perkinscoic.com
Email: oglasscock@earthjustice.org Email: JLeik@perkinscoie.com
Email: mtave@ecarthjustice.org Email: Climmo@perkinscoie.com

Email: docketANC@perkinscoie.com

/s/ Angela Hobbs
Angela Hobbs
Law Office Assistant
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IN THE SUPERIOR COURT FOR THE STATE OF ALASKA
THIRD JUDICIAL DISTRICT AT ANCHO}?AGE

ORUTSARARMIUT NATIVE
COUNCIL,

Appeliant, :
V. Case No. 3AN-21-06502CI

ALASKA DEPARTMENT OF
ENVIRONMENTAL CONSERVATION
and DONLIN GOLD LLC,

Appellee,

ORDER GRANTING INTERLOCUTORY R?EMAND

After considering the Alaska Department of Environmémal Conservation’s (the
Department) motion for interlocutory remand in the above céption’ed matter, and the
parties’ responses thereto, the court adopts the appellant’s pr.oposfed order GRANTING the
motion in part, with medifications to procedure number 5, as sta‘iced below. This appeal is
hereby STAYED and REMANDED to the Department with the following procedures to
apply on remand:

I. From the date of remand to the Department, Appellz{fnt Orutsararmiut Native
Council (ONC) shall have 90 days to submit comments to the Division of Water
(the Division).

2. The Division shall have 45 days following service of OT‘%C"S comments to issue a
decision whether to uphold, modify, or rescind the Céertiﬁt:ate of Reasonable
Assurance.

3. ONC or Donlin Gold LLC (Donlin Gold) may seek adjuéiication of the Division’s
decision under 18 AAC 15.200. Any adjudication shaElI follow the procedures
specified in applicable statutes and regulations.

4. Following a final decision from the Department, the paréics shall have 30 days to
move this court for a lift of the stay and any necessary éfrevision to the points on

appeal, or for dismissal of the appeal.
Ovrder Granting Interlocutory Remand
ONC v, ADEC, et al,, 3AN-21-06502C1
Page 1 of 2
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i

5. Pursuant to the applicable statutes, regulations, and Rulcsj of Appellate Procedure,
the Department shall serve the parties to this action and appfveal with its final decision
and any other relevant or required records in this matter for purposes of adjudication
and/or appeal.

6. The scope of the remand is limited to the questions of cémpliance'with standards

for mercury and streamn temperature.

IT IS SO ORDERED. o
DATED at Anchorage, Alaska this & i day of D’ecembelf“, 2021.

CATHERINE M. EASTER
Superior Court J;gudge

‘ oo bz { 5
I certify that on_} "—l Lale 5

a copy of the above was mailed to:

Katherine Demarest
Eric B. Fjelstad
James N. Leik
Cameron Jimmo
Thomas S. Waldo
Olivia Glasscock
Maiie Tavepholjalern

Ij}fnn Bekez, Judicial Assistant

e

Order Granting Interlocutory Remand
ONC v, ADEC, et al., 3AN-21-06302C1
Page 2 of 2
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Executive Summary

i Introduction

1.1 Purpose of Study

1.2 Outline of Report

2 Background Information

2.1 Overview of the Crooked Creek Watershed and Project Location
2.2 Key Differences between Previous Work and this Study

3 Methods and Results

3.1 Conceptual Model

3.1.1  Terrestrial Mercury Cycle

3.1.2 Mercury Retention in Crooked Creek Watershed Soils
3.1.3  Geochemical Fingerprinting of Mercury Sources

3.2 Mercury Emissions and Atmospheric Deposition

3.2.1 Updates to Particle Size Distribution and Deposition Parameters used in Air

Deposition Modeling

ES-1
i-1
1-1
1-1
2-1
2-1
2-2
3-1
3-1
3-1
3-3
3-6
3-9

3-9

3.2.2 Fugitive Gaseous Elemental Mercury Emissions from the Tailings Storage Facility 3-12
3.2.3 Fugitive Gaseous Elemental Mercury Emissions from the Ore Stockpiles, Pit and

Waste Rock Facility
3.2.4  Stack Emissions
3.2.5 Fugitive Dust Emissions
3.2.6  Summary of Project Emissions
3.2.7 Project Atmospheric Deposition
3.3 Mercury Mass Loading Analysis
3.3.1 Data Availability
3.3.2 Mass Loading Analysis Approach
3.3.3 Baseline Average Mass Loading
3.3.4 Mass Balance Under Baseline Conditions
3.3.5 Mass Balance Under Donlin Project Conditions
3.4 Mercury Concentrations in the Streams
3.4.1 Near-Project and Downstream Mercury Concentrations
3.4.2 Upstream Mercury Concentrations
4 References

pendix A Figures for Sections 3.3 and 3.4

3-16
3-18
3-19
3-21
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3-23
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3-25
3-26
3-26
3-30
3-30
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Schematic showing mercury sources, transport mechanisms, and

Figure ES-1.
storage compartments within the watershed.

Figure ES-2.  Monitoring stations and watersheds considered in the mercury mass
balance analysis.

Figure 3.3-1. Monitoring stations, Crooked Creek watershed

Figure 3.3-2a Measured flow and mercury concentration - AMER

Figure 3.3-2b Measured flow and mercury concentration — ANDA

Figure 3.3-2c Measured flow and mercury concentration - DCBO

Figure 3.3-2d Measured flow and mercury concentration — CCAC

Figure 3.3-2e Measured flow and mercury concentration - CCAK

Figure 3.3-3a Flow Regression at AMER Station

Figure 3.3-3b Flow Regression at ANDA Station

Figure 3.3-3c  Flow Regression at DCBO Station

Figure 3.3-3d Flow Regression at CCAC Station

Figure 3.3-4a Flow and mercury mass loading regression analysis - AMER

Figure 3.3-4b Flow and mercury mass loading regression analysis -~ ANDA

Figure 3.3-4c  Flow and mercury mass loading regression analysis -~ DCBO

Figure 3.3-4d Flow and mercury mass loading regression analysis — CCAC

Figure 3.3-4e Flow and mercury mass loading regression analysis — CCAK

Figure 3.3-5  Station drainage areas for mass balance

Figure 3.3-6  Project conditions

Figure 3.3-7  Comparison of baseline and project conditions mass balances (DCBO,
AMER, ANDA).

Figure 3.3-8  Comparison of baseline and project conditions mass balances (CCAC,
CCAK).

Figure 3.4-1  Total mercury concentration vs. flow

Table ES-1. Modeled annual mercury emissions from Donlin Gold mine sources.

Table ES-2. Baseline mercury mass balance.

Table ES-3. Project conditions mercury mass balance.

Table 2.2-1. Overview of key differences between FEIS analysis and supplemental
analysis.

Table 3.1-1. Suspended particulate method validation

Table 3.2-1. Modeled size distribution of particulate mercury emissions from mining
activities at the Project.

Table 3.2-2. Particle size parameters and precipitation scavenging coefficients used

in CALPUFF deposition modeling.
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Table 3.2-3. Correlation between mercury emission flux (in ng/m2-day) and
mercury substrate concentration (mg/g) for low and middle solar

regimes. 3-14
Table 3.2-4. Annual surface areas and estimated gaseous mercury emissions at the

TSF. 3-15
Table 3.2-5. Updated annual estimated gaseous mercury emissions at the Donlin

TSF. 3-16
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Table 3.2-9. Processing facility stack emissions. 3-19
Table 3.2-10. Emissions from boilers, heaters and incinerators. 3-19
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Ramboll was retained by Donlin Gold LLC (Donlin Gold) to complete a mercury study that builds upon
previous studies supporting the Final Environmental Impact Statement (FEIS) for the proposed Donlin
Gold project (Project) (United States Army Corps of Engineers (USACE) 2018). The purpose of this
study is to provide a more refined estimate of the Donlin Gold mine’s potential impacts on mercury
concentrations in the surface water of nearby streams.

The FEIS reported that the atmospheric deposition of total mercury in the vicinity of the Project could
increase by approximately 40% due to the Project and that this could lead to a corresponding 40%
increase in total mercury concentrations in surface water near the Project. (USACE 2018). This was a
conservative assessment in three principal respects. First, the Project’s mercury emissions and, in
turn, the corresponding deposition, associated with the Project were overestimated. Second, the
assumption that the percentage increase in atmospheric deposition resulting from the Project would
translate into an equivalent increase in surface water mercury concentrations made no accounting for
the well-recognized and significant attenuation (estimated to be at least 93%) associated with
mercury sequestration in soils and uptake in vegetation. Third, it assumed all baseline mercury in the
surface water was the result of atmospheric deposition, and made no accounting of geologic
contributions originating from erosion of mercury-bearing rock, which is the source of the majority of
mercury loading into the surface water,

The current study applies a more refined methodology, incorporates new studies published since the
FEIS was issued, and uses additional information and data that more accurately reflect site conditions,
to calculate a more accurate estimate of the potential total mercury concentrations in the Crooked
Creek watershed resulting from the Project. The current analysis supplements the previous FEIS
analysis in the following ways:

¢ A mass balance approach was used to estimate the effect of mercury deposition on
concentrations in streams. This approach accounts for the fact that current mercury
concentrations in the streams near the mine site are due to both atmospheric deposition and
geologic sources from weathering and erosion of mercury-enriched surface and subsurface
geologic features. The contribution of geologic mercury is characterized using new sampling
data. The approach also accounts for the significant retention of mercury in the terrestrial
environment.

¢ The current analysis provides a more accurate accounting of mercury emissions and
corresponding deposition from the Project using data and methods that are more
representative of the Project.

¢ The current analysis accounts for stream diversion and runoff management and treatment
during the Project that will reduce streamflows and mercury mass loading to Crooked Creek
due to management of flows from the American and Anaconda creek watersheds.

The updated mercury emissions are presented in Table ES-1. Atmospheric inorganic mercury emitted
by the Project exists in three forms: gaseous elemental mercury (Hg(0)), gaseous divalent or oxidized
mercury (Hg(Il)), and particulate divalent mercury (Hg(P)). The updated emissions from stacks at the
processing facility are 72% lower than estimated in the FEIS. Similarly, estimated fugitive gaseous
emissions from the Tailings Storage Facility (TSF) are 73% lower than estimated in the FEIS. Other
fugitive gaseous emissions (from the ore stockpiles, open pit, and waste rock facility) are comparable
to the FEIS estimates. Fugitive dust (particulate) mercury emissions are estimated to be higher than
in the FEIS by about 61%. The reasons for all of the above differences are outlined in Section 3.2.
Mercury emissions from boilers, heaters, and incinerators at the Project which are relatively small and

ES-1
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were not previously modeled in the FEIS are also now included in the modeling. In sum, the total
Project mercury emissions are estimated to be 30.0 kilograms per year (kg/yr).

FEIS (kg/yr) Updated Values (kg/yr)

Emissions Soutce Total Total
| 5 |

Processing Facility 56.2 57.9 14.7 16.0
Fugitive: Tailings 27 8 278 75 75
Gaseous

Fugitive: Other 18 18 17 17
Gaseous

Fugitive Dust 1.8 1.8 2.9 2.9
Bollers, heaters, : . - - 1.0 06 | 04 | 20
incinerators*

Total 85.8 0.8 2.7 89.3 24.9 1.0 4.1 30.0

Numbers may not add exactly due to rounding.
* Not considered in mercury modeling in FEIS

Atmospheric mercury deposition in the watershed was modeled using the same air deposition model
as applied for the FEIS with these updated emissions and other updates to deposition modeling
parameters.

The degree to which changes in atmospheric mercury flux is retained by soil within a watershed, and
thus not transported by runoff into surface waters, is characterized by the mercury retention rate.
Once deposited to a watershed, most mercury is rendered immobile by sorption to organic matter in
soils (Figure ES-1). Mercury not transported through the watershed and into the receiving water is
thus considered to be “retained” within the watershed. The ratio of mercury retained to mercury
deposited is called “mercury retention.” Using sediment mercury accumulation data from
environmentally similar watersheds (based on topography, plant community, and land use), the
Crooked Creek watershed mercury retention rate was determined to be 93% or higher. This retention
fraction was used in subsequent mass loading calculations to estimate mercury loading to streams in
the Project area from atmospheric and geologic sources. The mass loading analysis concluded that
almost all the mercury mass loading in streams is from geologic sources.

To corroborate the mass loading analysis, a geochemical fingerprinting method was used to evaluate
the relative contributions of atmospheric and geological mercury to soils, sediments, and suspended
particulates. As bedrock weathers and erodes, it supplies solid material found in soils and sediments
throughout a watershed (Figure ES-1). This material includes naturally occurring geologic mercury, as
well as other geologic metals. The ratio of mercury to a geologic tracer element (aluminum in this
study) in the bedrock acts as a geologic signature. The ratio of mercury to the tracer metal is then
measured in surface materials exposed to atmospheric deposition (that is, soil, sediment, and
suspended particulates in the water column; Figure ES-1) and compared to the bedrock ratio. Where
the ratio is greater in the surface material than in the bedrock, the excess mercury is attributable to
atmospheric sources (Hissler and Probst 2006; Guédron et al. 2013).

ES-2
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Armosphers
Wet & dry depasition

Waste rock data collected from the mine site (SRK 2011} was used to determine the mercury and
aluminum concentrations in local bedrock. Samples of soil, sediment, and suspended particulates were
collected during the Donlin Gold 2021 summer sampling program (Arcadis 2021) and analyzed for
mercury and aluminum. The mercury to aluminum ratios in the soils, sediments, and suspended
particulates were within the range of the waste rock ratio values. This indicates that the proportion of
atmospheric mercury in soils, sediments, and suspended solids is extremely small relative to geologic
sources. The empirical evidence for a very small contribution of atmospheric mercury supports the
findings in the mercury mass balance discussed below.

A detailed mercury mass balance analysis was conducted at five monitoring stations (DCBO on Donlin
Creek, AMER on American Creek, ANDA on Anaconda Creek, CCAC on the main stem of Crooked
Creek, and CCAK?! on Crooked Creek near the confluence with the Kuskokwim River) and their
associated drainage areas (see Figure ES-2). These stations were selected because they had sufficient
historical concurrent water quality (mercury concentrations) and streamflow data (from 2007-2021).
The mass balance analysis quantifies the long-term average rates of mercury entering the watersheds
from geologic and atmospheric sources and mercury leaving the watersheds as streamflow.
Quantifying the two sources of baseline loadings is necessary for predicting the impact of Project
activities on downstream water quality. The mass balances for ANDA and AMER characterize mercury
transport within watersheds where future Project activities will take place. The mass balances for
CCAC and CCAK illustrate the combined effects of mercury mass loading from multiple upstream
watersheds to the lower reaches of Crooked Creek.

CCAR is near the £R0O.3 station.
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The results of the mass balance analysis under baseline conditions are shown in Table ES-2. The total
loading is the long-term average mercury mass loading over 2007-2021 measured at each station.
The primary sources of mercury in surface water in the Crooked Creek watershed are either geologic
(i.e., originating from erosion of mercury-bearing rock) or atmospheric (i.e., originating from
background deposition of atmospheric mercury). Thus, the mass balance calculation for a given
watershed balances the amount of mercury in surface water exiting from the watershed (i.e., mercury
mass loading at the drainage point) with the amount of mercury entering surface water (i.e., sum of
geologic and non-retained atmospheric loading).
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Total Baseline
Mercury Mass
Loading {(ka/wvr

Geologic Background Atmospheric
Loading

ka/ve. % of total

Loading (kg/yr,
9% of total

DCBO 92.1 0.134 (71%) 0.054 (29%) 0.188
AMER 17.75 0.064 (86%) 0.010 (14%) 0.074
ANDA 20.3 0.093 (89%) 0.012 (11%) 0.105
CCAC 292 0.535 (76%) 0.172 (24%) 0.707
CCAK 869 3.32 (87%) 0.511 (13%) 3.83

Numbers may not add exactly due to rounding

Table ES-3 presents mercury mass balances for individual stations under Project conditions. Surface
runoff will be managed and treated at several areas during the Project (Donlin Gold Water Resources
Management Plan, SRK 2017}. These areas include almost all the American Creek watershed, the TSF
area within the Anaconda Creek watershed, and some smaller areas such as the South Overburden
Stockpile. The estimated values shown incorporate Project-related mercury emissions, implementation
of surface water runoff management, and discharges of treated water containing trace levels of
mercury in the Wastewater Treatment Plant (WTP) outfall. The values shown for background
atmospheric loading reflect the reduction due to runoff management. The mass balance for CCAC
incorporates the effect of reduced loading in the American Creek and Anaconda Creek watersheds.
That reduction is more than the predicted increase in project-related deposition across the drainage
area. The same is also true at CCAK, which represents the entire Crooked Creek watershed. In
summary, the mercury study indicates that the Project would likely result in negligible impacts (<1%)
on mercury mass loading in streams near the Project area and, in most cases, result in reductions
from baseline mercury mass loadings.
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Mercury Mass Loading During Project (kg/y)
Runoff )
Management ian T(aﬂr:‘agle
Station {(km?, % of . Atmospheric | Atmospheric WTP Total .
. Geologic . Loading
Drainage (Background) {Project) Outfall
from
Area) .
Baseline
DCBO 0 (0%) 0.134 0.054 0.0015 - 0.190 0.8%
AMER 17.69 (99.7%) 0.00020 0.00003 0.00017 - 0.00040 -99.5%
ANDA 10.5 (52%) 0.045 0.0057 0.0029 - 0.054 -49.0%
CCAC 32 (11%) 0.477 0.153 0.030 0.033 0.693 -2.0%
CCAK 32 (3.7%) 3.20 0.492 0.046 0.033 3.77 -1.6%

Numbers may not add exactly due to rounding.

As shown in Table ES-3, the long-term average mercury mass loading at five stations within the
Crooked Creek watershed was estimated to stay essentially the same or decrease due to Project

activities. As mercury mass loading is the product of flow and mercury concentration, a reduction in
average loading from baseline conditions will also result in a reduction in mercury concentrations,

assuming that streamflow is unaffected by the Project. However, where the surface water flow also
changes due to the Project, an analysis was done to estimate the effect on stream mercury
concentrations, which is how the applicable water quality standard is expressed.

ED_014329A_00000114-00076
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As described in the FEIS, surface water flows near the Project area will be reduced due to the
diversion of surface water runoff and the reduction in groundwater seepage to surface water due to pit
dewatering and other water management systems such as the TSF seepage collection system.
Although some of this water will be treated and discharged back to Crooked Creek, a portion of the
water will be consumed as part of mine operations. The FEIS did not identify any streams in which
streamflow would increase during the Project as compared to baseline conditions. To evaluate the
impact of reduced streamflow on concentrations at four stations (ANDA, AMER, CCAC, and CCAK)
where streamflow is predicted to decrease during the Project, the correlation between mercury
concentration and streamflow under baseline conditions was evaluated. In all cases, higher flows are
associated with higher mercury concentrations, and lower flows are associated with lower mercury
concentrations. Although this relationship was evaluated under baseline conditions, the positive
correlation would also be representative of Project conditions, since both the mass balance and
geochemical fingerprinting evaluations found atmospheric deposition to be a relatively minor
contribution to mercury mass loading in Crooked Creek relative to geological sources. Based on these
results, the reduction in streamflow as a result of Project water use would be associated with a
decrease in mercury concentrations in surface water at locations near and downstream of the Project
relative to baseline conditions.

At DCBO, located on Donlin Creek upstream of the Project, streamfilow is not expected to change as a
result of the Project. However, the mercury mass balance under Project conditions predicts a small
increase in mercury mass loading at DCBO due to Project mercury air deposition in the watershed. To
guantify the impact on mercury concentrations at DCBO, the same percentage increase in mercury
mass loading predicted at DCBO (0.8%) was applied to historical mercury concentrations measured at
DCBO to determine the effect of this increase on the likelihood of concentrations being higher than 12
ng/L (the State of Alaska Water Quality Standard (AWQS)). After applying the assumed 0.8%
concentration increase to all the baseline measurements at DCBO, there was no change in the number
of samples with mercury concentrations above 12 ng/L. Thus, the Project would have a negligible
impact on mercury water gquality in the DCBO watershed. Similarly, negligible mercury water quality
impacts would be expected in other watersheds, both within and outside the Crooked Creek
watershed, where very small increases in mass loadings are predicted and the Project would not
impact streamflows. This is especially the case as the distance from the Project increases and the
amount of Project-related deposition is minimal.
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1.1 Purpose of Study

The mercury study described in this report was conducted by Ramboll US Consulting Inc. (Ramboll) for
Donlin Gold LLC, Alaska. The purpose for this study is to conduct a robust mercury analysis that could
help inform regulatory actions for the proposed Donlin Gold mine ("Project”). The study will further
define the baseline contributors to mercury concentrations currently observed in streams in the
Crooked Creek watershed near the proposed Project and estimate the change in these mercury
concentrations due to the proposed Project activities. The study builds upon work previously
performed for the Donlin Gold Final Environmental Impact Statement (FEIS) (USACE 2018) with
updated data and methods.

1.2 Outline of Report

Chapter 2 contains background information on the Project and the Crooked Creek watershed, including
an overview of the analysis previously conducted of mercury air deposition and surface water quality.
Data, methods, and results from the current study are presented in Chapter 3. The implications for
changes in stream water mercury concentrations due to the Project are also discussed in Chapter 3.
References are provided in Chapter 4.
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2.1 Overview of the Crooked Creek Watershed and Project Location

Crooked Creek is a tributary of the Kuskokwim River in southwestern Alaska. Figure 2.1-1 shows the
Crooked Creek watershed boundary, which includes the main stem of Crooked Creek and its
tributaries. The Crooked Creek watershed has been divided into 23 smaller watersheds draining
individual reaches and tributaries. The Project facilities are mainly within the American Creek,
Anaconda Creek, and Snow Gulch watersheds.

Cracked Cresk Drainage Basin

Proposed D{'}ﬁ[m Gold Site Layout
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2.2 Key Differences between Previous Work and this Study

ENVIRONZ? (2013) estimated the baseline (i.e., current, pre-Project) annual atmospheric mercury
deposition flux near the mine site to be approximately 8.4 micrograms per square meter per year
(pg/m2-yr) using a combination of mercury deposition monitoring and modeling. ENVIRON (2015)
studied the potential atmospheric impacts of the Project’s mercury air emissions from stack and
fugitive dust sources using a conservative modeling approach. The FEIS (p. 3.7-151) estimated the
average potential increase in atmospheric mercury deposition in the Crooked Creek watershed due to
the Project to be conservatively 40% higher than the baseline. The analysis in the FEIS then made the
conservative assumption based on Arcadis (2014) that an approximately 40% increase in mercury
deposition rates could lead to a proportional 40% increase in mercury concentrations in surface water
in the Crooked Creek drainage area. This assumption results in a significant overestimation of the
Project’s impacts because mercury loading and resultant concentrations in surface waters are, in fact,
dominated by geological contributions (i.e., erosion of mercury-bearing rock) and mercury deposited
via atmospheric deposition is significantly mitigated by retention or sequestration in the soils and
vegetation. As explained in Chapter 3, the supplemental analysis accounts for these factors.

The analysis also updates and more accurately characterizes the Project’s mercury emissions and
includes an updated modeling analysis, resulting in @ more accurate estimate of the Project’s mercury
deposition. Moreover, stream diversion and runoff management and treatment measures during the
Project will reduce existing streamflows and atmospheric mercury mass loading to Crooked Creek.
These phenomena are discussed and addressed in this study. In addition, a detailed analysis of
mercury mass loadings to streams near the Project was developed and calibrated with site-specific
monitoring data and by incorporating information from Donlin Gold on proposed runoff management
and treatment measures. Table 2.2-1 provides a listing of the key differences between the FEIS
mercury analysis and the current analysis.

. Supplemental Analysis
— FRIS Anelvais (Current Study)

Particulate (dust) emissions ¢ Assumed particulate s Particulate emissions are

sizes emissions are very coarse distributed across particles
particles larger than 10 smaller than 2.5 microns
microns (PMig+) (PM3 5), particles between

2.5 and 10 microns (PMz.s.
10) and particles larger
than 10 microns (PMio+)

Wet deposition ¢ Used wet deposition ¢ Used updated wet
scavenging coefficients deposition scavenging
representative only of very coefficients that vary by
coarse particles particle size based on

literature review

Tailings pond vapor mercury ¢ Used estimated TSF pond e Used pond concentration

emissions mercury concentration of of 0.073 mg/L from 2017
0.315 mg/L Water Resources

Management Plan (WRMP)

2 ENVIRCN is now part of Famboll.
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. Supplemental Analysis
. Ferron S

Tailings beach vapor mercury
emissions

Assumed no portion of the
beach was dry (all wet)
Wet beach flux estimated
from linear correlation
relating mercury emission
flux to mercury
concentration using data
from Eckley et al (2011a,
2011b)

Divided the beach into wet
(33%) and dry (67%)
areas based on the rate of
movement of the active
beach area

Wet beach flux calculation
similar to FEIS approach
Dry beach flux calculated
using the Eckley (2011a,
2011b) correlations
Updated TSF surface area
to include peak surface
area at end of operations

Vapor mercury emissions from
ore stockpiles, pit, waste rock
facility

Used mercury

concentrations from block

model3 in FEIS

o Ore=1.62 ppm

o Pit=0.79 ppm

o Waste rock facility =
0.63 ppm

Used mercury

concentrations from

geometric mean of ore and

waste rock samples

o Ore=1.27 ppm

o Pit = 0.695 ppm

o Waste rock facility =
0.59 ppm

Mercury emissions from stacks

Emissions data for
processing facility (thermal
units) from Air Sciences
during Draft EIS
development

Emissions data from Air
Sciences (2021) for
processing facility (thermal
units) and for stacks at
boilers, heaters and
incinerators

Mercury emissions from fugitive
dust

Used emissions averaged
over mine life

Used emissions from peak
year of mine life

Mercury retention in soil

Did not account for
sequestration of mercury
in soil

Accounted for the
retention of mercury in the
soil based on literature
review and Crooked Creek
watershed parameters

% The block model is a geclogic computer maodel that shows the three-dimensional location of each type of rock.
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. Supplemental Analysis
. Ferren S

Mercury concentration in ¢ Assumed increase in s Distinguished geologic and
streams deposition from project atmospheric sources in
would result in baseline loading
proportional increase in ¢« Conducted new sampling
stream concentrations of for water/soil/ sediment
mercury s Developed flow and
¢ Did not account for loading regression model
beneficial effects of to fill in gaps in existing
surface runoff data
management and ¢ Accounted for atmospheric
treatment loading reduction due to

soil retention in mass
balance analysis

s Accounted for loading
reduction due to runoff
management and
treatment

s Accounted for changes in
stream concentrations due
to streamflow reductions
from the Project
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3.1 Conceptual Model

The terrestrial environment is an important link for mercury transport between the atmosphere and
aquatic systems (Figure 3.1-1). Around half of all global environmental mercury (i.e., not sequestered
for a long time in mineral phases) exists in soils and plants (Obrist et al. 2018). The behavior of
mercury in the terrestrial environment determines the impact of atmospheric mercury deposition on
aquatic systems (i.e., how changes in atmospheric mercury deposition affect how much mercury
enters aquatic systems).

Wet & dry
deposition Evasion to the
: : atmosphers

3.1.1 Terrestrial Mercury Cycle

Mercury is introduced into the terrestrial environment from two sources: atmospheric deposition and
erosion of geologic materials. Atmospheric mercury is deposited onto land surfaces via wet and dry
deposition as divalent or elemental mercury.* Additionally, mercury in soils can originate from native
bedrock containing geologic mercury. As exposed bedrock weathers and erodes, the eroded material
contributes to soil matter. The relative contributions of atmospheric and geologic mercury to the
terrestrial environment depends on local atmospheric mercury sources and how enriched the local

4 Bivalent mercury may be gaseous or particulate, while elernental mercury is primarily gaseous.
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geology is in mercury. Mercury stored in the terrestrial environment thus represents accumulation of
mercury over geologic time scales derived from both atmospheric and geogenic sources (St. Louis et
al. 2016). Atmospheric mercury tends to accumulate in upper soil layers, which are often rich in
organic matter. Mercury in deeper, mineral soil layers has a greater contribution from geologic sources
(Smith-Downey et al. 2010; Obrist et al. 2018). The relative proportion of geologic versus
atmospheric mercury in soils depends on the local geology. Areas with high natural geologic
concentrations of mercury, such as the Kuskokwim Mountain region (Malone 1962}, will have a higher
proportion of geologic mercury compared to atmospheric mercury. Upland areas® of watersheds
frequently sequester more atmospheric mercury than they re-emit to the air (St. Louis et al. 2016),
and some boreal upland areas are net sinks for mercury overall (i.e., more mercury enters the area
than leaves as emissions or runoff; St. Louis et al. 1996).

Once atmospheric mercury reaches the land surface, mercury either evades to the atmosphere, is
taken up into plants, sorbs to soils, or is transported to bodies of surface water. Volatilization
(evasion) of mercury (i.e., the release of gaseous mercury) from the terrestrial environment occurs
because elemental mercury readily evaporates at ambient temperatures. On plants or at the soil
surface, deposited divalent mercury can undergo photoreduction to elemental mercury and contribute
to evasion from the terrestrial environment (St. Louis et al. 2016). Globally, approximately 10% of
terrestrial mercury is stored in plants and the rest is stored in soil (Selin et al. 2009). Mercury storage
in plants is transitory, as this mercury is returned to the soil by litterfall (dead plant material falling to
the ground). Litterfall is the dominant source of elemental mercury to boreal forest and tundra soils
(Obrist et al. 2017; Jiskra et al. 2015).

In soils, mercury sorbs very strongly to organic matter. Once incorporated into the soil organic carbon
pool, mercury becomes relatively immobile, and its transport is controlled by the mobility and
reactivity of dissolved and particulate organic matter. Transport of mercury in soil solution occurs
when dissolved organic carbon is high, with migration typically limited to less than a meter (Grigal et
al. 2002). Soil mercury associated with organic carbon can be mobilized (e.g., be transported in
runoff} when organic carbon is broken down (Smith-Downey et al. 2010). In boreal forests and tundra
ecosystems, the average turnover rate of organic-associated mercury is on the order of 550 to 700
years (Smith-Downey et al. 2010). This process drives the high retention of mercury in Arctic
watershed soils (as discussed in Section 3.1.2).

A small proportion of soil mercury (both organic and mineral) is transported to surface waterbodies by
runoff and erosion. Typically, elevated fluxes of mercury and organic matter from the soil are
observed during snowmeilt or storm events. These events often represent a large proportion of the
annual mercury transport from soils to surface water (Demers et al. 2010; Dommergue et al. 2003;
Haynes and Mitchell 2012). Mercury isotope spike studies have shown that the majority of mercury
transported in these runoff events is more than 99% older mercury, as opposed to mercury deposited
in the previous 3 to 6 years (Harris et al. 2007; Oswald et al. 2014). Because deposited mercury is
retained in the catchment area for tens to hundreds of years, the quantity of mercury transported
from upland soils to surface water represents a long-term history of geologic and atmospheric mercury
accumulation in the watershed rather than recent deposition trends. Therefore, short-term increases
in atmospheric deposition do not cause immediate increases in mercury export from watersheds, and
they contribute only a small amount to the mercury exported in any given year.

* Upland ares is the area of a watershed that does notf receive regular flooding by a stream.
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3.1.2 Mercury Retention in Crooked Creek Watershed Soils

Many studies have attempted to quantify the relationship between the amount of mercury entering a
watershed through atmospheric deposition versus the amount of mercury leaving the watershed
through runoff. The mercury leaving the watershed (or exported) may be of either atmospheric or
geologic origin. Mercury not exported is considered to be retained in the watershed. The ratio of
mercury retained to atmospheric mercury deposited, is called the “mercury retention rate.” Because
mercury exported from the watershed may have been stored in the soils for hundreds of years
(Section 3.1.1) before being mobilized, mercury retention represents the overall behavior of mercury
over long timescales in the watershed. Mercury retention can be used to estimate the mercury
contribution of a watershed to a body of water. In this study, the mercury retention rate is used to
more accurately determine the mass balance of mercury within the Crooked Creek watershed (Section
3.3.5). This section describes the determination of a mercury retention rate for the Crooked Creek
watershed.

The mercury retention rate for the Crooked Creek watershed was determined using mercury
accumulation data in sediments from environmentally similar locations. The Crooked Creek watershed
is remote and mountainous, and is primarily covered by evergreen forest, followed by scrub and shrub
cover and deciduous forest (USACE 2018).

3.1.2.1 Mercury Retention Rate by Sediment Mercury Accumulation

Several studies {(Swain et al. 1992; Kamman and Engstrom 2002; Drevnick et al. 2016) use mercury
accumulation in lake sediment to calculate a mercury retention rate in a watershed. Because this
method incorporates data from many similar watersheds, it determines a general mercury retention
rate for an area. The rate of mercury accumulation in lake sediments (on the y axis) is plotted against
the ratio of the watershed surface area to the lake surface area (on the x axis). A least squares linear
regression model is then fit to the data:

Sediment Hg accumulation (”g/mz -year) = slope x (Watershed Area/Lake Area) + intercept

The intercept of the model represents the mercury accumulation rate in the lake if the watershed area
was zero, meaning all mercury to the lake came from atmospheric deposition. Therefore, the intercept
is equivalent to the atmospheric deposition rate per unit area. The slope of the model indicates the
increase in mercury flux to the lake from each increasing unit area of the watershed, and therefore
represents the mercury flux from the watershed. The ratio of the slope to the intercept thus quantifies
the proportion of mercury deposited on the watershed that is transported to the lake; subtracting this
ratio from 1 gives the proportion of mercury retained in the watershed:
slope

— ————— = Proportion Hg retained in watershed
intercept

Although this method uses lake data to derive a retention value, the proportion of mercury retained in
the upland watershed area applies to river watersheds as well. The model assumes that the amount of
mercury accumulation in sediment reflects the deposition of mercury at the water surface. Due to the
dynamic nature of rivers, sediment accumulation in rivers does not meet this assumption. However,
there is no fundamental difference between river and lake watersheds. In a single large watershed,
rivers may flow into a lake, or a lake may discharge into a river. What this model determines is the
mercury retention rate in watersheds with common geologic and ecological features, and that rate
would apply regardless of the type of receiving water body in the watershed.
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3.1.2.2 Mercury Retention Rate Determination

Drevnick et al. (2016) compiled an extensive data set of sediment mercury accumulation rates,
watershed areas, and lake areas in western North America that can be used to calculate mercury
retention rates. They categorized this data using the North American ecoregion framework (CEC
1997). Ecoregions are defined by areas with similar biotic and abiotic properties, such as topography,
land use, vegetation, and soil composition. Because the sediment mercury accumulation method of
determining mercury retention rate requires data from similar environments, this framework can be
used to select appropriate data to calculate the Crooked Creek watershed mercury retention rate.

Data selected for the determination of the Crooked Creek watershed mercury retention rate were:

¢ From the Taiga, Northwestern Forested Mountains, and Marine West Coast Forest ecoregions
e From Alaska and northern Canada

+ From watersheds undisturbed by human activity

¢ Sediments deposited between 1990 and 2000 based on age-dating

These criteria were used to ensure that the data used were representative of the Crooked Creek
watershed. The rationale for these criteria follows.

Data from the ecoregions in Alaska similar to the Crooked Creek watershed were selected. The Taiga
(3) ecoregion was included because Crooked Creek is located within the Taiga (3) ecoregion (Figure

3.1-2). The Taiga ecoregion is subarctic and covered by patchwork forests, shrublands, and wetlands,
consistent with the climatic and plant cover characteristics of the Crooked Creek watershed area. The
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other ecoregions represented in Alaska are Tundra (2), Northwestern Forested Mountains (6), and
Marine West Coast Forest (7) (Figure 3.1-2). The Northwestern Forested Mountains are characterized
primarily by mountainous topography, with diverse vegetation depending on altitude and latitude
including evergreen forests dominating at higher elevations. The Marine West Coast Forest ecoregion
contains mountainous topography, and plant communities range from coastal rainforests to evergreen
alpine communities, depending on latitude and precipitation level. Both these ecoregions are similar to
the Crooked Creek watershed in their mountainous topography and evergreen forests. However, the
Tundra ecoregion is characterized by extensive permafrost, particularly in the area from which the
data are available in the far north of Alaska above the Arctic circle. Because the Crooked Creek
watershed contains only some discontinuous permafrost, the Tundra samples were not used in the
retention calculation. Therefore, data from the Taiga, Northwestern Forested Mountains, and Marine
West Coast Forest ecoregions are used in the analysis. Only data from Alaska and northern Canada in
the selected ecoregions were used to remove differences due to latitude that may be inconsistent with
the Crooked Creek watershed.

Drevnick et al. classified data by the degree to which the watershed is disturbed by human activity.
Due to the remote, sparsely inhabited nature of the Crooked Creek watershed, only undisturbed
watershed data were used (a watershed disturbance index of 0). Drevnick et al. present data from
multiple depth intervals sectioned from sediment cores. These depth intervals represent historical
sediment deposition to the lake bottom, and the sediments were analyzed to determine the decade in
which each section was deposited. Only sediment data dated between 1990 and 2000 were used to
obtain a recent mercury retention rate (there were insufficient samples from after 2000 to obtain a
regression).

Figure 3.1-3 shows the regression of the selected data used to calculate the mercury retention rate.
The rate of mercury accumulation in lake sediment is plotted against the catchment area ratio (non-
lake area of the watershed)/(lake area). The p value of the regression, the rate of atmospheric
mercury deposition, and the mercury retention rate (calculated based on regression parameters as
described in Section 3.1.2.1) are presented in the associated table. The p value of the regression is
less than 0.05, indicating that the regression is statistically significant. The rate of atmospheric
mercury deposition is calculated to be 5.1 ug/m2-year, which is largely consistent with the baseline
atmospheric mercury deposition for the site. The mercury retention rate for the Crooked Creek
watershed was determined to be 93%. This retention rate is consistent with literature values of
mercury retention rates in large (i.e., greater than 1,000 ha) forested watersheds at sub-arctic
latitudes, which had an average retention rate of 92% (Brigham et al. 2009).
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3.1.3 Geochemical Fingerprinting of Mercury Sources

3.1.3.1 Conceptual Framework

Mercury in Crooked Creek under baseline conditions is associated with the suspended solid load
{Arcadis 2020). The mercury in this solid phase is from both atmospheric deposition and geologic
sources. Understanding the mercury mass balance in the Crooked Creek watershed requires
guantifying the mercury attributable to each source. A geochemical fingerprinting method was applied
to evaluate the relative contributions of atmospheric and geologic mercury sources to soils, sediments,
and suspended particulates throughout the watershed. The geochemical fingerprinting evaluation was
used to corroborate the evaluation of mercury source contribution determined in the mass balance
analysis (Section 3.3).

As bedrock weathers and erodes, it supplies solid material found in soils and sediments throughout a
watershed. The ratio of mercury to a geologic tracer element in the bedrock acts as a geologic
signature. The tracer element is typically a metal that is enriched in the geology and does not have
any other significant source in the local environment (including atmospheric deposition), and therefore
reflects geologic inputs. Aluminum is frequently used as the geologic tracer element (Chen et al.
2007; Siqueira et al. 2018). The ratio of mercury to tracer metal is then measured in other
environmental particulate phases and compared to the bedrock ratio. If the ratio is greater in the
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particulate phase than in the bedrock, the excess mercury is attributable to atmospheric sources
(Hissler and Probst 2006; Guédron et al. 2012).

3.1.3.2 Methods

Representative waste rock data collected from the mine site (SRK 2011) was used to determine the
background mercury and aluminum concentrations for local bedrock. Sedimentary rock, igneous rock
from intrusions, unconsolidated material, and material of unknown provenance were collected and
analyzed for mercury and aluminum by ALS laboratory. To determine metal concentrations, rocks and
other solid material samples must be digested (i.e., broken down into a liquid phase suitable for
chemical analysis). The method used to digest the material affects how much and which components
of the sample is broken down. Samples for mercury analysis were digested using a hot aqua regia
digest, whereas samples for aluminum analysis were digested using a mixed acid digest that included
hydrofluoric acid (HF). The HF digest is a stronger digestion method that dissolves the aluminosilicate
matrix of the material, which is required to release all the aluminum from the sample and obtain an
accurate geologic signature.

To define the Crooked Creek watershed bedrock mercury-to-aluminum ratio, the data set was
enhanced by excluding data from unknown provenance and from igneous intrusions. The watershed is
dominated by the sedimentary rocks of the Kuskokwim group (USACE 2018). Therefore, the
sedimentary rock samples from the study (which represent Kuskokwim group material) are
representative of the local bedrock. Because igneous intrusions are uncommon throughout the
watershed (USACE 2018), igneous rock data were excluded from this analysis. Unconsolidated
samples tend to be further along in the erosion process, and therefore represent material that
contributes to forming socils and sediments. There were 830 sedimentary and unconsolidated samples
with data that contributed to the bedrock ratio estimate.

Soil, sediment, and suspended particulate samples were collected during the 2021 sampling event (as
described by Arcadis 2021) to determine the contributions of atmospheric versus geologic mercury in
surface materials throughout the watershed. Suspended particulates were collected because elevated
mercury in Crooked Creek surface water is correlated with the suspended solid phase (Arcadis 2020).
Previously collected soil and sediment data could not be used for the geochemical fingerprinting
because they were not digested using an HF digest, and therefore aluminum concentrations would be
underestimated.

Soil samples were collected from twelve locations around the watershed. Sediment samples were
collected from four locations in the Crooked Creek main stem. Soil and sediment samples collection
methods were consistent with previous studies (Arcadis 2007). Suspended particulates were collected
at two previously established sampling locations (CCAC and CR0.3) over seven collection events.
Suspended particulates were collected from Crooked Creek surface water by passing water through 47
mm polyvinylidene difluoride (PVDF) filters. The suspended particulates remain on the filter, and the
filter is retained for analysis. Two filters were collected at each sampling location per event and the
volume of water passed through each filter was measured. A sample for total suspended solids (TSS)
determination was also collected at the time of suspended particulate sampling. The concentration of
metals in suspended particulates was determined by calculating the sample mass present on each
filter. The TSS concentration collected simultaneously with the filters was multiplied by the volume of
water passed through each filter to obtain a mass of suspended particulates. The mass of metal
measured on each filter was divided by the mass of suspended particulates to calculate the
concentration. Soil and sediment samples were subsampled for mercury digestion (hot aqua regia)
and aluminum digestion {mixed acid with HF) and analyzed by ALS. These digestions were identical to
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those done for the waste rock by the same laboratory. Due to the specialized nature of the digestion
and analysis, the filters containing suspended particulates were analyzed by Brooks Applied Labs. One
filter from each sampling event was digest by a hot aqua regia digest and analyzed for mercury; the
other was digested by a mixed acid digest with HF and analyzed for aluminum.

Because the filters were included in the suspended particulate digestion, mercury and aluminum
present in the filter could be released. This possibility was evaluated using the equipment blanks (i.e.,
ultrapure water being passed through the filtration apparatus and the filter digested and analyzed for
mercury and aluminum) (Table 3.1-1). If the concentration in a filter that contains sample material is
similar to concentrations in the blanks, then the sample concentration is too low to be distinguished
from the filter. To determine if any samples had concentrations too low to use in the analysis, the
highest concentrations of mercury and aluminum in the blank filters were compared to the
concentrations in each sample filter. One sample (collected from CRO.3 on 7/3/21) had a mercury
concentration below the maximum blank concentration and was therefore excluded from further
analysis.

m Blank Maximum | Sample Minimum
Aluminum ug/filter 25 51.8
Mercury ng/filter 0.39 0.441

3.1.3.3 Results

The bedrock and sample mercury-to-aluminum ratios are presented in Figure 3.1-4. Ratios of mercury
to aluminum in each sample were calculated as the mass ratio times 10,000 to attain numbers of a
reasonable order of magnitude. Each point represents one sample. The gray boxes graphically denote
summary statistics for the data distribution: the center line represents the median, while the upper
and lower edges of the box represent the first and third quartiles of the data, respectively. Half of all
the data points within a distribution fall within the boxed area. The mercury-to-aluminum ratios in the
soils, sediments, and suspended particulates are similar to one another, and are well within the range
of the waste rock values. Since the mercury-to-aluminum ratios in the soils and sediments are
comparable to the ratios in the bedrock, the contribution of atmospheric mercury was too small to be
detected beyond the contribution of the background geologic source. This indicates that the proportion
of atmospheric mercury in solids, sediments, and suspended solids is negligible or nondetectable
relative to geologic sources. This empirical evidence corroborates the finding in the mercury mass
balance that atmospheric contribution of mercury is small relative to the geologic component (Section
3.3.4).
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3.2 Mercury Emissions and Atmospheric Deposition

This section presents an updated and more accurate estimate of the Project’s mercury emissions and
an updated modeling analysis, resulting in a more accurate estimate of the Project’s mercury
deposition compared to that included in the FEIS.

3.2.1 Updates to Particle Size Distribution and Deposition Parameters used in Air
Deposition Modeling

3.2.1.1 Background

The processes that govern dry and wet deposition of particulate species are strong functions of the
particle size. For particles greater than about 1 um in size, larger particles dry deposit much more
readily than smaller particles (e.g., Lin et al. 1994; Bergametti et al. 2018; Emerson et al. 2020). For
example, the deposition velocity of a 1 ym particle is about ten times lower than that of a 10 pym
particle (e.g., Seinfeld and Pandis 2016; Bergametti et al. 2018; Emerson et al. 2020). Scavenging
coefficients® (constant parameters) that affect the removal of particles through wet deposition show a
similar trend with particle size (e.g., Wang et al. 2010).

In the previous modeling conducted with the CALPUFF? air quality dispersion and deposition model for
the FEIS (Environ 2015), it was assumed that ali the particulate mercury emissions from the Project
were in the very coarse size fraction, that is larger than 10 pm with a geometric mean diameter of 15
pm and a standard deviation of 3 pym. This approach, which did not account for the actual size
distribution of the Project particulate matter (PM) emissions, was conservatively high for deposition

% Scavenging coafficients are deposition parameters used to represent how much of the atrmospheric mercury gets washed out by rain or snow.

s a
7 CALPUFF is a non-steady state puff dispersion model that has been applied for mercury deposition in other studies.
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within the Crooked Creek watershed because smaller particles were assumed to deposit and to be
scavenged at the same rate as larger particles within the Crooked Creek watershed whereas, in fact,
smaller particles would be atmospherically dispersed and diluted over large distances. As a
consequence of this conservative assumption, total mercury deposition to the Crooked Creek
watershed from the Project was significantly overestimated in the FEIS modeling.

Using particulate mercury deposition parameters that are more accurate and more representative of
the particulate mercury emissions from the Project results in a more representative mercury
deposition estimate than the conservative estimates from the previous modeling study, as described
below.

3.2.1.2 Modeling Using Actual Particle Size Distribution and Size-Dependent Deposition
Parameters

3.2.1.2.1 Particle Size Distribution

The emissions of PM emissions modeled are in three size categories®: PMys, PMys-10, and PMygs (i.€.,
fine particles less than 2.5 ym, coarse particles in the 2.5 um to 10 ym size range, and very coarse
particles larger than 10 ym, respectively). Using the mercury content of the PM emissions from the
various Project source categories and the mass fraction in each size bin, total particulate mercury
emissions for each source category emitting particulate mercury were speciated into the three size
categories. Table 3.2-1 below shows the mass fraction of total particulate emissions in the three size
categories from the various activities associated with the Project (source: Air Sciences 2021). These
sources include all typical mining activities such as drilling, blasting, extraction and transfer of ore and
waste rock, associated equipment use, and wind erosion of open surfaces.

. Size Bin
Activity
PMas PM>.s.10 PMigs

Drilling 3% 49% 48%

Blasting 3% 49% 48%
Material Handling (Loading and Unloading)

Ore Loading 7% 40% 53%

Ore Unloading 7% 40% 53%

Waste Loading 7% 40% 53%

Waste Unloading 7% 40% 53%
Material Hauling

Ore Hauling 2% 22% 76%

Waste Hauling 2% 22% 76%

Dozer Use 11% 7% 82%

Grader Use 3% 41% 56%

Water Truck Use 2% 22% 76%
Wind Erosion of Exposed Surfaces

Tailings Beach (Dry) 8% 43% 50%

# PMe.s refers to particles smaller than 2.5 pm. PMuo refers to particles smaller than 10 um. PMus refers to particles larger than 10 pm.
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o Size Bin
Activity

PM:zs PMss.10 PMio+

Haul Roads 8% 43% 50%
Access Roads 8% 43% 50%
Waste Rock Facility 8% 43% 50%
Stockpiles 8% 43% 50%
Average 3% 25% 72%

3.2.1.2.2 Deposition Parameters

Once the particulate mercury emissions are divided into different size bins, they can be modeled as
separate species in CALPUFF with size-dependent parameters for the dry and wet deposition. As
discussed above, three size bins (PM3.5, PM2s.10 and PM1g+) were used to model the particulate
mercury (fugitive dust) in CALPUFF. Dry deposition velocities for particulate mercury in the three size
bins are then calculated internally in CALPUFF based on the provided diameters and standard
deviations.

Using three different species to represent the size-distributed particulate mercury emissions allows the
use of size-specific scavenging coefficients for wet deposition calculations. Scavenging coefficients are
a function of particle size, with orders of magnitude differences between the fine and very coarse
particle sizes. Table 3.2-2 shows the scavenging coefficients for liquid and frozen precipitation for the
three particle sizes based on bulk parameterizations of particle scavenging coefficients from the
literature (Wang et al. 2014). Note that these rates are for a nominal precipitation rate of 1 mm/hr,
and CALPUFF internally multiplies by the actual precipitation rate. The previous CALPUFF modeling
assumed very coarse particles for particulate mercury and used coarse particle scavenging coefficients
as shown in Table 3.2-2. Also shown are the geometric mean diameter and standard deviation® used
to represent each size bin. These two parameters together are used to represent the distribution of
potential particle sizes within a given size bin.

FEIS Modeling
2,510 10+

Geometric Mass Mean

Diameter* 15 um 0.5 um 5.0 um 17.32 pm
Geometric Standard 3 um 1.495 1.189 1.147
Deviation

Liquid Precipitation
Scavenging Coefficients
Frozen Precipitation
Scavenging Coefficients

1x10°2 (sec)?! 1x10°6 (sec)? 2x104 (sec)? 6x104 (sec)?

3x10°3 (sec)?! 2x10°5 (sec) ! 1x10°3 (sec)? 5x10°3 (sec)?

* The geometric mean diameters (mean) and geometric standard deviations (SD) were selected such that each size bin extends
approximately from mean - 45D to mean + 4SD when logarithmic values are used, consistent with how CALPUFF treats the
lognormal size distribution of particles. For normally distributed data, 99.99% of the values are within four times SD (i.e., 4SD) of
the mean diameter. The PMio+ size bin was assumed to extend to PMsg, the size typically used for total suspended particles. The
default parameterization of CALPUFF is applied where it uses the geometric mass mean diameter and 4SD to calculate the minimum
and maximum particle sizes of each size bin, divides that bin into multiple sub-bins and performs the deposition calculations for
each of those sub-bins. Log{min. of a size bin} = log{mean diameter) - 4log(SD)}. Log (max. of a size bin) = log(mean diameter)
+4log(SD).

¢ Standard deviation is a measure of the amount of variation in 2 set of values, in this case, particle sizes.
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3.2.2 Fugitive Gaseous Elemental Mercury Emissions from the Tailings Storage Facility

In the FEIS, vapor mercury emissions (in the form of gaseous elemental mercury) from the proposed
Donlin Gold Tailings Storage Facility (TSF) were estimated using methods similar to the studies for two
active gold mines in Nevada (Eckley et al. 2011a, 2011b) but using Donlin-specific data and
accounting for differences in solar radiation and geochemistry/mercury content between Donlin Gold
and the Nevada mines.

Tailing effluent is input to tailings impoundments as a liquid slurry to specific areas over time resulting
in heterogeneous surface moistures. The Donlin Gold TSF will consist of a pond (inundated solution)
and beach. The purpose of this section is to describe the evaluation of mercury emissions from both
the pond and beach portions of the TSF.

3.2.2.1 TSF Pond Mercury Emission Flux

The methodology to estimate mercury emissions from the inundated tailings pond assumes a linear
dependency between mercury emission flux and mercury solution concentration. The FEIS used a
pond mercury concentration of 0.315 mg/L which was derived from the measured mercury
concentrations in tailings material (0.00004 mg/L for liquid and 0.7 g/ton for solid) and other process
parameters from the Feasibility Pilot Study (2007 Phase 2; SRK, 2012), namely, a tailings slurry water
percentage of 64% and solids and slurry specific gravity of 2.76 and 1.25, respectively.

In this analysis, updated information on the tailings concentration that became available since the
modeling exercise to support FEIS development (Environ 2015) was used. Specifically, the updated
Water Resources Management Plan (WRMP; SRK 2017) provides a soluble mercury content of 0.073
mg/L derived from geochemical modeling of the tailings filtrate water from the Feasibility Pilot Phase 2
study.19 The outcome of the geochemical model is still conservative because it did not account for
Donlin Gold’s plan to use mercury settling-enhanced reagents.1!

The resulting mercury emission flux using the estimated mercury concentration in the Donlin tailings
pond of 0.073 mg/L is 3,510 ng/m2-day (compared to the 0.315 mg/L mercury concentration and
15,147 ng/m?-day flux found in the FEIS). Consistent with the previous calculation in the FEIS, this
emission flux is assumed to occur during the open water season only. During the winter months, ice
cover is expected to reduce the emission fluxes to zero.

3.2.2.2 TSF Beach Mercury Emission Flux

The mercury emission flux from the TSF beach is correlated with mercury substrate concentration,
surface moisture and meteorological parameters (solar radiation, temperature, and relative humidity).

In the FEIS, the mercury emission flux from the beach (all of which was considered wet) was
estimated from a linear correlation (e.qg., logarithmic regression) relating mercury emission flux to the
tailings material mercury concentration for two levels of solar radiation (low, <140 W/m?2; middle,
141-251 W/m?). These correlations, while based on the Eckley et al. (2011b) study, were tailored to
include only high moisture surface substrates!? (i.e., > 5%) following Eckley (2011a)13.

U The geochermical modeling was performed using the Geochemist’s Workbench model {SRK 20173,

1A settling-enhanced reagent, such as the University of Nevada Reno (UNR)Y-921 reagent, promotes precipitation of mercury in solution into a stable
rarcury suffide (HgS) solid. As such it acts (o stabilize mercury in TSF water and raduce potential volatilization. Actual pond mercury concentrati
Dondin tailings pond using the UNR reagent are antidpated to ba less than 6.010 mg/t based on reductions observed at Barrick’s Puekdo Viajo fe
using the LINR-821 reagent. Nonetheless, in the emissions calnulation presented here, & more conservative TSF pond mercury concentration of 6.073
mg/L was used.

2 Correlations derived from Eckley et al. included several surface mine types: tailings, waste rock, leach pad, and pits.

¥ Az noted in Eckiey et all {20118}, the decision io use 5% moisture a5 a differentiator between wet and dry fluxes was based on fisld observations
indicating that during dry weather conditions the average soil moisture was 1=1%; however, during/after precipitation the moisture ranged from 5 to
17%.
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The FEIS analysis did not take into account that a portion of the TSF beach would be dry. In fact,
however, the locations of tailings discharge spigots will vary by year to adhere to design criteria
resulting in sections near active spigots being wet while leaving other sections of the beach area dry.
The current analysis more accurately divides the beach sections into wet and dry areas.

In this study, the wet beach area is set to one-third of the entire beach area (33%) based on the
operational update for the rate of movement of the active beach area (Donlin Gold 2015). The other
67% of the beach area is considered dry. The FEIS methodology of using mercury emission flux
correlation with mercury substrate concentration is applied; however, the correlations differ between
the wet and dry beach recognizing that moisture level affects the mercury emission flux. The same
Donlin mercury tailings solid concentration of 0.7 mg/g applied in the FEIS is also applied here for
both wet and dry beach. During the months of November to March, the beach is expected to be
covered with snow and/or ice; hence, emission fluxes from the wet and dry beach are set to zero
during those months.

The dry beach flux correlations are directly from the Eckley (2011a, 2011b) correlations for the two
Nevada mines;!4 the resulting emission fluxes were averaged to represent dry beach mercury
emission fluxes at Donlin.

The wet beach emission flux correlations are derived from the Eckley data for the two mines using the
FEIS methodology.15

Table 3.2-3 summarizes mercury emission flux correlations and resulting emission fluxes used in this
study.

* The logarithmic regressions were derived from empirical data from several major mine swifaces {including open pits, waste rock dumps, leach pads,

ore stockpites, and tailings impoundments) and exprassed as & function of substrate Hg concentration and solar radiation (Eckdey et al. 20112s; Figuwre
2

15 Table 1 from Eckiey b al. (201 1k) provided mean Hg emission flux and associeted ancillary paramstens at the two Nevade mines for all surface typas.
These data after excluding very dry surface substrates (i.e., <53% moisture) formed the basis of the derived linear correlations for the wet beach. The
rationale for combing data from both mines and all surface types was to utilize the largest available dataset to derive the maost rohust empirical
relationship between surface moisture, substrate Hg concentration and Hy flux {for fixed solar radistion levels). The multivariate regression obtained is
specific fo each solar bin:

Low solar (<140 W/m?) s heg Hy fluk = .55 log Hg +0.061 (% moisturs) + 2.49
Middls solar {141-251 W/im2}: log Hg Bux = .56 log Hg +0.068 (% moisture) + 2.98
Note that the fhux regressions are slightly different hetween the current study and the FEIS because the FEIS put @ data point in the middie solar bin

when it should have been in the low solar bin, with the FEIS thus resulting in 2 conservative high estimate. As in the case of the FEIS, the wet beach
moisture content was assumed to be the same as the average substrate moisiure at the Twin Creeks tailings impoundment {19.1%]), and the regression
equation was evaluated at that level to derive a linear regression with substrate Hg concentration as the independent variable a2nd Hg flux as the
dependent variable {(as shown in Table 3.2-3).
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Solar Emission
Radiation Flux for Emission
Bin Correlations Hg of Correlations Flux for Hg
0.7 of 0.7 mg/g
mg/g
FEIS
Low Solar % % log Hg flux = 0.60 log Hg + 1,396
3.24
Mid Solar % % log Hg flux = 0.54 fog Hg + 18,902
4.36
This Study
Twin Creek: 279
log Hg flux = 0.59 log Hg | (average
+ 2.59 of Twin log Hg flux = 0.55 fog Hg +
Low Solar Cortez: Creek 3.65 3,671
log Hg flux = 0.67 log Hg and
+ 2.49 Cortez)
Twin Creek: 496
log Hg flux = 0.60 log Hg | (average
. + 2.88 of Twin log Hg flux = 0.56 fog Hg +
Mid Solar Cortez: Creek 4.24 14,232
log Hg flux = 0.71 log Hg and
+ 2.69 Cortez)

*Dry section not differentiated from wet section in FEIS.

3.2.2.3 Total TSF Mercury Emissions

Annual TSF mercury emissions were derived by multiplying mercury emission fluxes by tailings surface
areas. Tailings mercury emission fluxes were assumed to be constant throughout the mine life; total
surface areas increase year over year. Peak surface area is reached in year 28 (end of operation; see
Figure 3.2-1) and this year was selected as a conservative (high) estimate of tailings mercury
emissions impacts. Updated mercury emission estimates by operating year are shown in Table 3.2-4.
The annual emissions totals shown are the sum of the monthly emissions taking into account the
seasonal variations. The annual emissions peak over the mine life is 7.48 kg/yr occurring in year 28.
Tailings emissions are expected to decrease after closure because of the cap placed over the TSF
surface.

All gaseous mercury emissions from the TSF would be in the elemental form, Hg(0), because this is
the primary form of mercury that volatilizes.
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) = -

D Year 28 Beach

Year Area (acre) Hg Emissions (kg/yr)
Beach Pond | Total | Beach Pond | Total

1 111 192 303 0.38 0.58 0.96

5 428 430 858 1.47 1.30 2.77
9 719 503 1222 2.47 1.52 3.99
13 934 581 1515 3.21 1.76 4.97
17 1107 654 1761 3.81 1.98 5.79
21 1192 780 1972 4.10 2.36 6.46
25 1333 808 2141 4,58 2.44 7.03
28 1733 501 | 2234 | 5.96 1.52 | 7.48
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3.2.2.4 Summary of TSF Mercury Approach and Results

The FEIS overestimated TSF mercury emissions. The current analysis updated the TSF mercury
emissions calculations as follows:

¢ The pond mercury concentration derived from geochemical modeling is 0.073 mg/L (compared
to 0.315 mg/L used in the FEIS). The mercury emission flux for the tailings pond decreased
from 15,147 ng/m2-day to 3,510 ng/m2-day.

+ The mine plan indicates that approximately 33% of the entire beach area will be wet and 67%
will be dry (100% wet beach was used in the FEIS). The dry beach flux correlations are
directly from the Eckley et al. (2011a, 2011b) correlations for the two Nevada mines. The wet
beach emission flux correlations are derived using the FEIS methodology with minor
corrections.

¢ The TSF surface area is based on the end of operation year (year 28) with the peak area.

Table 3.2-5 summarizes the resulting peak TSF emissions. The updated annual mercury emissions are
1.52 kg/yr from the pond (81% reduction from the FEIS) and 5.96 kg/yr from beach (70% reduction
from the FEIS). Total TSF mercury emissions are 7.48 kg/yr, which is a 73% reduction from the FEIS.
All of the mercury is in the gaseous elemental form, Hg(0).

2
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Updated

Flux i, Flux . Emissions
TSF (ng/m2 En:(lssmns (ng/m?- En:(nssuons Change (%)

day) (kg/yr) day) (kg/yr)
Pond 15,147 8.13 3510 1.52 -81%

1,396- 279- e
Beach 18,902 19.65 14232 5.96 70%
Total 27.78 7.48 -73%

3.2.3 Fugitive Gaseous Elemental Mercury Emissions from the Ore Stockpiles, Pit and
Waste Rock Facility

The fugitive gaseous elemental mercury (i.e., Hg(0)) emissions from the ore stockpiles, pit, and WRF
were estimated using the same methodology as in the Donlin FEIS but with updates to the following
data:

¢ The average mercury concentration in the source materials

¢ The area of each source

+ The average solar radiation
The average mercury concentration in each of the three sources (waste rock facility, pit, ore
stockpiles) were estimated in the FEIS using a resource block modelté. The data were updated using
the geometric mean of ICP analysis of 18,484 ore and 41,072 waste rock samples from Donlin (2014).
The use of the geometric mean is consistent with the method used for assessing the concentrations of

other metals in the ore in Donlin Gold Prevention of Signification Deterioration (PSD) permitting (Air
Sciences, 2021). Table 3.2-6 shows the updated mercury concentration for each source,

= oA block modet is @ geological computer model that shows the three-dimensional location of each type of rack.
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Ore pit Waste rock
stockpiles facility
Hg Concentration 197 0.695 0.59
(ng/g9)

Incoming solar radiation affects the volatilization of mercury from these surfaces. The solar radiation
data was updated using recent meteorological data at the Camp monitor station collected during
August 2020 to July 2021. The monthly averaged solar radiation is shown in Table 3.2-7 below.

Mo Avg. of Solar
Month Daily Mean Category Season
(W/m?)

Aug-20 161 Middle Summer
Sep-20 93 Low Fall
Oct-20 46 Low Fall
Nov-20 15 Low Fall
Dec-20 5 Low Winter
Jan-21 13 Low Winter
Feb-21 39 Low Winter
Mar-21 89 Low Spring
Apr-21 179 Middle Spring
May-21 237 Middle Spring
Jun-21 187 Middle Summer
Jul-21 142 Middle Summer

Using these updated data and the same regression correlations as in the FEIS, the mercury flux per
unit area and the monthly mercury emissions were calculated and are shown in Table 3.2-8. Gaseous
emissions from these sources would be in the form of Hg(0) as that is the primary form that volatilizes
from surfaces. The total mercury emissions from these sources is estimated to be 1.74 kg/yr.
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Hg emissions

Hg emissions (kg/m?-month)

Hg emissions (kg/month)

Month solar Ore(ng/w.‘z-daw Ore . Waste Ore .
stock Pit WRE stock Pit rock stock Pit WRF
Jan Low 363 242 217 1.12E-08 | 7.51E-09 | 6.73E-09 | 9.28E-03 | 4.44E-02 | 6.57E-02
Feb Low 363 242 217 1.02E-08 | 6.78E-09 | 6.08E-09 | 8.38E-03 | 4.01E-02 | 5.93E-02
Mar Low 363 242 217 1.12E-08 | 7.51E-09 | 6.73E-09 | 9.28E-03 | 4.44E-02 | 6.57E-02
Apr Middle 580 378 337 1.74E-08 | 1.13E-08 | 1.01E-08 1.44E-02 | 6.71E-02 | 9.86E-02
May Middle 580 378 337 1.80E-08 | 1.17E-08 | 1.04E-08 1.49E-02 | 6.94E-02 1.02E-01
Jun Middle 580 378 337 1.74E-08 | 1.13E-08 | 1.01E-08 1.44E-02 | 6.71E-02 | 9.86E-02
Jul Middle 580 378 337 1.80E-08 | 1.17E-08 | 1.04E-08 1.49E-02 | 6.94E-02 1.02E-01
Aug Middle 580 378 337 1.80E-08 | 1.17E-08 | 1.04E-08 1.49E-02 | 6.94E-02 1.02E-01
Sep Low 363 242 217 1.09E-08 | 7.27E-09 | 6.51E-09 | 8.98E-03 | 4.30E-02 | 6.35E-02
Oct Low 363 242 217 1.12E-08 | 7.51E-09 | 6.73E-09 | 9.28E-03 | 4.44E-02 | 6.57E-02
Nov Low 363 242 217 1.09E-08 | 7.27E-09 | 6.51E-09 | 8.98E-03 | 4.30E-02 | 6.35E-02
Dec Low 363 242 217 1.12E-08 | 7.51E-09 | 6.73E-09 | 9.28E-03 | 4.44E-02 | 6.57E-02
(:;;31) - - - - - - - 0.137 0.646 0.952

Numbers may not add exactly due to rounding.

3.2.4 Stack Emissions

Table 3.2-9 shows the Donlin process stack mercury emissions and their speciation in the FEIS and
updates made in this analysis. The updated mercury emissions and mercury speciation profiles were
obtained from Air Sciences (2021) who applied source-specific controlled mercury concentrations,
stack flows, and annual maximum operations. Controlled mercury concentrations for the autoclaves
and carbon regeneration kiln are based on adjustments to emissions data from Hatch (2014) using
source test data from similar units at the Nevada Goldstrike Mine!”. The remaining controlled mercury
concentrations are based on the Nevada Mercury Control Program Permitting Guidance (NDEP 2016).
The updated mercury speciation profiles are based on mercury speciation test data from the Goldstrike

Mine.

Mercury emissions from boilers, heaters and incinerators at the Project which are relatively small and
not previously modeled in the FEIS are now modeled and listed in Table 3.2-10. Mercury emissions
estimates for stacks at these sources were obtained from Air Sciences (2021) who compiled this
inventory using EPA AP-42 emissions factors for combustion of natural gas, ultra-low sulfur diesel and

¥ The Goldstrike mine provides a representative measure of expected mercury emissions from the Donlin Gold processing facility after adjusting for
Dondin-specific source parareters (Alr Sciences 2021}

ED_014329A_00000114-00100
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dual fuel for the boilers/heaters and vendor guarantees for incinerators. A default mercury speciation
of 50% Hg(0), 30% Hg(II), and 20% Hg(p) for boilers and heaters was applied following the EPA
mercury modeling database!® for the Mercury and Air Toxics Standards (MATS). A mercury speciation
of 22% Hg(0), 58% Hg(II), and 20% Hg(P) for incinerators was applied also based on the same EPA
mercury modeling database.

gy
[
s

Update
Source Hg total Hg total
Calco oo | HG(0) | Hg(II) | Hg(p) | g 3222 | Hg(0) | Hg(I) | Hg(p)
(%) (%) (%) (%) (%) (%)

(kg/yr) (kg/yr)
Autoclave 101 0.14 74.3% | 7.2% | 18.5% 0.29 80.0% | 5.2% | 14.9%
Autoclave 201 0.14 74.3% | 7.2% | 18.5% 0.29 80.0% | 5.2% | 14.9%
Carbon
Regeneration 16.47 97.5% 1.5% 1.0% 3.97 79.8% 2.7% 17.5%
Kiln
Ef”cstrow'””‘”g 29.67 98.0% | 0.8% | 1.2% 7.03 97.6% | 1.9% | 0.5%
Retort 10.70 95.0% | 2.5% | 2.5% 0.68 88.1% | 4.7% | 7.2%
Induction
Melting 0.74 99.0% | 0.8% | 0.02% 3.69 98.0% | 1.3% | 0.7%
Furnace
Total 57.87 97.2% | 1.3% | 1.5% 15.95 92.2% | 2.2% | 5.6%

Numbers may not add exactly due to rounding.

Source Annual Mercury Emissions (kg/yr)
Category Hg (Total) | Hg(0) | Hg(II) Hg(p)
Boilers/Heaters 1.90 0.95 0.57 0.38
Incinerators 0.08 0.02 0.04 0.02
Total 1.97 0.97 0.61 0.39

Numbers may not add exactly due to rounding.

3.2.5 Fugitive Dust Emissions

Estimates of fugitive dust mercury emissions, i.e., mercury associated with particulate fugitive dust
sources at the Project, were revised using updated particulate emissions data obtained from Air
Sciences (2021) and applying the appropriate mercury concentrations for the corresponding source
material type. The following mercury concentrations were used for the fugitive dust from each source
group: pit concentration of 0.695 ppm, ore concentration of 1.27 ppm for ore stockpiles and
processing facility, and the waste concentration of 0.59 ppm for WRF, TSF, and general Project area.
These concentrations are same as those discussed in Section 3.2.3. This methodology is similar to that
used in the FEIS with one key change (related to average versus peak year) discussed below. Table
3.2-11 shows the fugitive dust mercury emissions for the sources of fugitive dust evaluated in the
FEIS and in this study. Additionally, Table 3.2-11 shows the source material types chosen for mercury

i htips://gaftp.epa.gov/Alr/emismaod/ 2005/2005v4 3/
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concentrations used in the emissions calculations and the relative spatial allocation of fugitive dust
emissions (these are the same as the allocations used in the FEIS).

Fugitive dust (particulate) mercury emissions are higher than in the FEIS by about 61%. This increase
is primarily because the FEIS modeling used mine life average emissions while the supplemental
modeling analysis uses peak mine life emissions which, in sum, represent a conservative (high)
estimate. The modeled emissions from the Donlin mine pit in the supplemental analysis are also
conservatively high because they do not account for in-pit retention of dust particles which would
lower the estimated mercury deposition of fugitive dust emissions from the Project.

FEIS
. Average This Study:
Material . . L .
Source . Ore Processing | Project | Emissions | Mine Peak Year
Type for Hg Pit . WRF | TSF . . L
Category . Stockpile Facility Area over mine Emissions
Concentration .
life {kg/yr)
(kg/yr)
Mining
Drilling Ore + Waste | 100% 0.058 0.065
Blasting Ore + Waste | 100% 0.055 0.096
Ore Loading | Ore + Waste | 100% 0.056 0.025
Ore
. Ore 100% 0.026 0.014
Unloading
Waste
) Ore + Waste | 100% 0.130 0.148
Loading
Wast
aste Waste 100% 0.130 0.130
Unloading
Ore Hauling | Ore + Waste 50% 50% 0.113 0.246
Waste
) Ore + Waste | 50% 50% 0.837 1.823
Hauling
Dozer Use Waste 100% 0.153 0.147
Grader Use Waste 100% 0.016 0.023
Water Truck
rim Waste 100% | 0.025 0.041
Use
Wind Erosion of Exposed Surfaces and Access Road Traffic Dust
Tailings Waste 100 0.005 0.002
Beach %
Haul Roads Waste 100% 0.008 0.001
Access
Waste 100% 0.044 0.001
Roads
Waste Rock
o Waste 100% 0.029 0.009
Facility
Ore
. Ore 100% 0.004 0.002
Stockpiles
Overburden
e Waste 100% |  0.000 0.000
Stockpile
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FEIS
. Average This Study:
Material . . L .
Source . Ore Processing | Project | Emissions | Mine Peak Year
Type for Hg Pit . WRF | TSF . . L
Category . Stockpile Facility Area over mine Emissions
Concentration .
life (kg/yr)
(kg/yr)
Ore Processing
Crusher
o Ore 100% 0.029 0.035
Circuit
Ore
Ore 100% 0.020 0.024
Transfer
Pebble
Ore 100% 0.017 0.021
Crusher
Thermal
r Ore 100% 0.018 0.000
Processes
Laboratories Ore 100% 0.009 0.009
Total (kg/yr) 1.780 2.861

Numbers may not add exactly due to rounding.

3.2.6 Summary of Project Emissions

A summary of the Project emissions is presented in Table 3.2-12 along with the emissions previously
modeled in the FEIS. Following the emissions analysis discussed above, the total Project mercury
emissions are estimated to be 30.0 kg/yr, lower than the FEIS estimate by 66%.

issi FEIS (k r Updates (k r
Source Category Sissions (ka/yr) P (kg/yr)
Source Hg(O)Hg(I1)Hg(p) Total HgHg(O)Hg(1I)}Hg(p) Total Hg
Stacks Processing | 5¢ 90| 0.80 | 0.90 | 57.90 |14.71| 0.35 | 0.89 | 15.95
Facility

Fugitive: Tailings o

Tailings Beach [19.65 19.65 | 5.96 5.96
Gaseous
Fugitive: Tailings Tailings Pond | 8.13 8.13 |1.52 1.52
Gaseous
Fugitive: Other Ore Stockpile | 0.06 0.06 |0.14 0.14
Gaseous
Fugitive: Other pit 0.74 0.74 | 0.65 0.65
Gaseous
Fugitive: Other Waste. Bock 0.97 0.97 0.95 0.95
Gaseous Facility
Fugitive Dust Fugitive Dust 1.80 1.80 2.86 2.86
Stacks Boilers, heaters, ) - - - |097| 061|039 1.97

incinerators
Total Total 85.80 0.80 | 2.70  89.30 24.88 0.97 4.14| 30.0
Numbers may not add exactly due to rounding.
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3.2.7 Project Atmospheric Deposition

Updated air deposition modeling was performed using CALPUFF (the same model applied for the FEIS
analysis) and the updates to emissions and methods discussed above. The runoff capture and water
management and treatment measures during operation of the Project (WRMP; SRK 2017) will reduce
stream mercury mass loadings from Project-related and non-Project sources in certain watersheds.
Figure 3.2-2 presents the areas at the Project where runoff will be managed, thus resulting in a
reduction in mercury mass loadings. These areas include almost all the American Creek watershed,
the TSF area within the Anaconda Creek watershed, and some smaller areas such as the South
Overburden Stockpile which is northwest of the Anaconda Creek watershed. The Project mercury mass
loading to Crooked Creek from each watershed depends on the size of the watershed and the relative
location of the watershed to Project sources. The Project mercury deposition to watersheds outside the
Crooked Creek watershed would be lower than within the watershed because of the atmospheric
dispersion and dilution of mercury emissions from the Project with distance. The estimated Project
deposition-related loading in the Crooked Creek watershed is presented in Section 3.3.5 in the context
of the mercury mass balance analysis for Project conditions.
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3.3 Mercury Mass Loading Analysis

This section describes the methodology for estimating the baseline and project-related mercury mass
loading to surface water in the Crooked Creek watershed. Historical flow and water quality data, along
with new data collected in 2021, were used to develop models of long-term mercury mass loading at
selected monitoring stations in the Crooked Creek watershed under baseline conditions. Then, a mass
balance approach was employed to estimate the proportion of mass loading originating from geologic
versus atmospheric sources. Understanding the relative mercury contribution from these sources
enables more accurate predictions of potential impacts to water quality as a result of future Project
emissions and implementation of runoff controls. This is important because previous analyses by
Arcadis (2020) have shown a correlation between mercury concentrations and total suspended solids
in the streams near the Project, again indicating a strong geologic rather than atmospheric source for
the observed mercury concentrations in surface water.

3.3.1 Data Availability

The mercury mass loading analysis was performed at five monitoring stations within the Crooked
Creek watershed (Figure 3.3-1).1° These stations were selected because of the availability of
concurrent flow and water quality data over multiple years, which is required for the calculation of
mercury mass loading in surface water. Three of the stations are on tributaries near their confluence
with Crooked Creek: Donlin Creek below Ophir Creek (DCBO), American Creek above the confluence
with Crooked Creek (AMER), and Anaconda Creek above the confluence with Crooked Creek (ANDA).
The two other stations are on the main stem of Crooked Creek: Crooked Creek above Crevice Creek
(CCAC) has been used to monitor flow in Crooked Creek that drains the north-central portion of the
watershed, and Crooked Creek above the Kuskokwim River (CCAK), is located just above the
confluence with the Kuskokwim River and is the discharge point for the entire Crooked Creek
watershed.

The available flow and mercury concentration measurements for the five monitoring stations are
shown in Figures 3.3-2a to 3.3-2e of Appendix A. The mercury concentration figures also show the
State of Alaska Water Quality Standard (AWQS) chronic value of 12 nanograms per liter (ng/L) in
surface water. At station CCAK, the flow measurement data are from the nearby USGS gauging station
#15304010, which has continuous records of daily flow from July 2007 through August 2021, with the
exception of the most recent channel ice period between October 13, 2020 and May 3, 2021.20

Missing daily flow data from the USGS gauge were estimated using daily averages calculated from
prior periods. Flow data starting on May 4, 2021 is flagged as provisional by the USGS but appears
consistent with the prior data record and was included to enable recent water sampling data to be
incorporated in the loading analysis.?!

For the remaining four stations, daily flow data were collected only during the open water period,
generally May to October, for select calendar years dating from 2005 through 2012 in support of the
FEIS.22 Limited manual flow readings for the winter period are also available for certain locations.?3
Flow measurements with quality concerns were excluded, including: CCAC data from 2008 and 2009
that was flagged as irregular in the FEIS; DCBO data from 2010 that was inconsistent with concurrent
readings at the USGS gage; CCAC data from 2010 to 2011 that appeared to have been estimated
from flow at the USGS gage; and a small number of outlier measurements from AMER in 2011 and
2012.

19 Figure was prepared based on geographic information system {(GIS) files provided to Ramboll by Donlin.

2 Data were downloaded from the LUSGS website.

“L The provisional data has not been reviewed or edited by the USGS and may change in the future.

22 Daily flow data in file “Donlin Daily Flow Data {1995-2011).1dsx,” provided to Ramboll by Donlin.

2 Manual flow data in file “Streamflow_2012-2015 zip,” provided to Ramboll by Dondin via email on July 23, 2021
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Surface water quality monitoring has been ongoing since at least 2005 in support of the FEIS and
federal and State permitting processes. As shown in Figures 3.3-2a through 3.3-2e, total mercury
sampling data are generally available for quarterly sampling events between 2005 and 2015, and from
October 2019 through March 2021. New biweekly sampling data collected in June and July of 2021 are
also included in this evaluation (Arcadis 2021). Sampling data collected prior to the implementation of
the Quality Assurance Project Plan (QAPP) in 2005 were not incorporated in this evaluation. Additional
water quality data from monitoring station CRO.3, located 0.4 miles upstream of CCAK, were added to
the CCAK dataset to provide additional measurements near the USGS gauge. The mercury
concentration dataset included only measurements for total (unfiltered) mercury analyzed using EPA
Methods 1631 and 1631E.24 Field duplicates and other quality control samples were excluded from
the dataset used to estimate mass loading.

3.3.2 Mass Loading Analysis Approach

Available flow and total mercury data were used to estimate average annual mercury mass loading at
monitoring stations in the Crooked Creek watershed under baseline conditions. Mass loading, defined

as the total mass of mercury discharged over a period of time, is calculated as the product of mercury
concentration and flow, reported in kilograms per year (kg/yr).

3.3.2.1 Estimation of Missing Flow Data

As shown in Figure 3.3-2e for downstream station CCAK, streamflow in Crooked Creek shows strong
seasonal patterns, with peak flows associated with spring ice breakup and summer precipitation
events and minimum flows in winter following the formation of channel ice (USACE 2018). There is
also significant short-term and annual variation in streamflow during the open flow period. Due to this
variability, the determination of long-term average mercury mass loading must incorporate daily
loading patterns observed over the course of many years. Given the extensive daily flow dataset for
CCAK measured by the USGS gauge #15304010, the 14-year period from August 2007 through July
2021 was selected as the averaging period for calculation of average annual mass loading.

For stations upstream of CCAK, flows over the missing winter and early spring periods were estimated
to generate a representative daily flow record over the entire averaging period. Plots comparing
concurrent flow measurements collected at CCAK and other stations (upper left inset, Figures 3.3-3a
through 3.3-3e) demonstrate reasonably strong linear correlations. Linear regression models were fit
to the concurrent data records to relate flow at CCAK (Qccak) to flow at individual upstream stations

(Qu):

ft? feey
0y o = slope X Qccax sec + intercept

The resulting model was applied to estimate the missing flow measurements using the flow data
record from CCAK. A small number of negative predicted flows were set to zero.

The inset plots in Figures 3.3-3a to 3.3-3e show the concurrent flow measurements used to fit the
regression lines and the resuiting flow regression model for each station. At the AMER station, three
outliers reflecting flow measurement errors were excluded from the regression analysis.?> The main
plots in Figures 3.3-3a to 3.3-3e show both the observed flow data for the upstream stations, and the
estimated upstream flows derived from flow at CCAK. The estimated flows were combined with the

“ \Water quality data in file “Donlin_Hist_All_Flat_ (8242071 xisx,” provided to Ramboll by Arcadis via email on August 24, 2021,

25 Flow at AMER is in general highly correlated with flows at the ANDA and CCAK stations. Three outliers at AMER were not correlated with flow at either
ANDA or CCAK indicating they were likely affected by measurement error. These outliers were rermoved from the dataset.
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measured flows to create a comprehensive daily flow dataset for each upstream station for the 2007-
2021 period.

3.3.2.2 Estimation of Daily Mass Loading

As previously mentioned, reliable mercury sampling data are available for monitoring stations in the
Crooked Creek watershed on a quarterly basis for most years after 2005, Previous efforts to model
mass loading of various constituents within the Yukon Basin by USGS have applied the USGS
LOADEST software program (Runkel et al. 2004) to develop linear regression models that relate daily
river flow measurements to mass loading (Striegl et al. 2007; Dornblaser et al. 2009), thereby
generating estimates of mercury load on non-sampled dates. A similar approach has been
implemented to develop a loading regression model for predicting mercury mass loading in the
Crooked Creek drainage area.

For each station, concurrent measurements of streamflow and total mercury concentration were used
to calculate instantaneous mercury mass loading in kg/year. For stations other than CCAK,
instantaneous loading during frozen periods after 2007 were calculated with estimated flow values.
Following the LOADEST method, log-transformed flow at each station (Qs) was plotted against log-
transformed instantaneous loading (Ls) and fit by linear regression:

3

kg ft .
log,o(Ly (y_r)) = slope X log,,(Qs s ) + intercept

Figures 3.3-4a to 3.3-4e show the resulting loading regression models for the five stations in the
Crooked Creek watershed.

The coefficients derived from the individual loading regressions were applied to calculate
instantaneous mass loading (Ls in kg/y) from daily streamflow (Qs in cfs) for each station by the
following equation:

LS = 10510172'10910(0;) + intercept

3.3.3 Baseline Average Mass Loading

The above equation was applied to the comprehensive daily flow dataset for each station to generate
daily estimates of mass loading over the 14-year averaging period. The resulting values were
averaged to generate long-term estimates of annual mercury mass loading, shown in Table 3.3-1.
Station CCAK, which receives flow from the entire Crooked Creek watershed, was estimated to have a
long-term average mercury mass loading of 3.83 kg/year under baseline conditions. Station CCAC,
located downstream of approximately 1/3 of the watershed, was estimated to have an average loading
of 0.707 kg/year. The remaining stations receive flow from relatively small watersheds and have
average loadings ranging from 0.074 - 0.188 kg/year.

B
e
gt
ol
7

Station Total Mercury Mass Loading
(kg/yr)
DCBO 0.188
AMER 0.074
ANDA 0.105
CCAC 0.707
CCAK 3.83
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3.3.4 Mass Balance Under Baseline Conditions

The long-term mercury mass loading values derived above (Table 3.3-1) are inclusive of mercury
inputs to surface water from all sources under baseline conditions. The conceptual model for the
Crooked Creek watershed recognizes that the origins of mercury in surface water are either geologic
(i.e., originating from erosion of mercury-bearing rock) or atmospheric (i.e., originating from
background deposition of atmospheric mercury). Thus, the mass balance for a given watershed must
balance outflows from the watershed (i.e., mercury mass loading at the drainage point) with inflows
(sum of geologic and non-retained atmospheric loading).

Table 3.3-2 presents surface water mercury mass balances for individual stations under baseline
conditions. The drainage areas for each station are shown in Figure 3.3-5. Applying the percentage of
retained mercury derived in Section 3.1.2, the mercury mass loading to surface water from non-
retained background (baseline) atmospheric deposition is estimated as 7% of total baseline air
deposition (8.4 yg/m?-yr; see Section 3.2) applied to the drainage area upstream of each station
(Figure 3.3-5). The geologic loading at each station, representing the observed stream loading that is
not due to air deposition, was then calculated as the difference between the total loading and the
atmospheric loading. The results demonstrate that under baseline conditions mercury mass loading is
dominated (71 - 89% of total) by geoclogic sources of mercury. Examining the mercury mass loading
at CCAK, which reflects accumulation of mercury over the entire Crooked Creek watershed, 87% of
observed loading originates from geologic sources, with the remaining 13% from background
atmospheric deposition. The finding that most mercury mass loading in the Crooked Creek watershed
is associated with geologic sources is consistent with the findings of the geochemical fingerprinting
source evaluation presented in Section 3.1, which found the mercury in suspended solids in Crooked
Creek to be representative of a primarily geologic source.

Drainage Geologic Background Atmospheric Total Mercury
Station Area (kr?12) Loading (kg/yr, Loading Mass Loading
% of total) {kg/yr, % of total) {kg/yr)

DCBO 92.1 0.134 (71%) 0.054 (29%) 0.188
AMER 17.75 0.064 (86%) 0.010 (14%) 0.074
ANDA 20.3 0.093 (89%) 0.012 (11%) 0.105
CCAC 292 0.535 (76%) 0.172 (24%) 0.707
CCAK 869 3.32 (87%) 0.511 (13%) 3.83

3.3.5 Mass Balance Under Donlin Project Conditions

The mercury mass balance for surface water in the Crooked Creek watershed will be impacted by the
Project in the following ways:

¢ Project activities will result in additional sources of mercury emissions and atmospheric
mercury deposition in the watershed.

¢ Surface water runoff management and removal of mercury from runoff through water
treatment will reduce mercury mass loading from the American Creek and Anaconda Creek
watersheds, thereby reducing both geologic and atmospheric mercury mass loading to
downstream portions of Crooked Creek. The areas with runoff management are shown in
Figure 3.3-6.

¢ Process and other contact water originating from pit dewatering, the TSF, TSF Seepage
Recovery System (SRS) and Contact Water Dams (CWDs) will be treated at a WTP and
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discharged to an outfall on Crooked Creek near its confluence with Omega Gulch, as shown on
Figure 3.3-6. Although the WTP will treat influent to remove mercury, the WTP effluent may
contain trace amounts of mercury.

Other Project activities that may have minor effects on mercury mass loading but were not quantified
as part of the mass balance include operation of the Snow Gulch reservoir and groundwater extraction
from pit dewatering wells. The Snow Gulch reservoir, designed to provide process makeup water
during dry weather periods, would impact mercury mass loading by reducing discharge flow to
Crooked Creek and impeding sediment transport above the dam. Given the small size of the Snow
Gulch sub-watershed relative to the overall CCAC and CCAK catchment areas, the expected impact
would be a small reduction in mercury mass loading to these stations during operation of the Project.
As discussed in the FEIS (USACE 2018), dewatering is predicted to reduce streamflow in reaches of
Crooked Creek and its tributaries located in proximity to the pit. Streamflow would be most impacted
during the winter months, when mercury mass loading is already relatively low, and would result in
minor reductions in mercury mass loading to downstream stations CCAC and CCAK.

Table 3.3-3 presents the estimated Project-related atmospheric mercury deposition loading to the five
monitoring locations. These were calculated by summing the mercury deposition predicted by
deposition modeling within the area upstream of each station that would not be subject to runoff
management and after applying the 93% retention rate (as described in Sections 3.1 and 3.2).

Project
. Atmospheric

Station Loading

(kg/yr)
DCBO 0.0015
AMER 0.00017
ANDA 0.0029
CCAC 0.030
CCAK 0.046

Table 3.3-4 presents mercury mass balances for individual monitoring stations under Project
conditions. The estimated values shown incorporate Project mercury emissions, implementation of
surface water runoff management, and operation of the WTP. These values were calculated as follows:

¢« In general, Project operations that involve land disturbance (i.e., blasting, waste rock storage,
tailings storage) will occur in areas of the site with surface runoff management. Outside these
areas, Project activities would generally be subject to permit requirements including
implementation of Stormwater Pollution Prevention Plans (SWPPPs) and/or Erosion and
Sediment Control Plans (ESCPs) and use of industry standard best management practices
(BMPs) for sediment and erosion control (USACE 2018), and thus geologic loading from these
areas is not expected to markedly change due to the Project. The geologic loading under
Project conditions was calculated by reducing the geologic loading values derived in the
baseline mass balance by the proportion of each drainage area that would be subject to
surface water runoff management. The percentage of the drainage land area above each
station with runoff management is indicated in Table 3.3-2. As shown in Table 3.3-2, nearly all
of the American Creek watershed and 51% of the Anaconda Creek watershed will be subject to
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runoff management under the Project. CCAC and CCAK are downstream of both the American
Creek and Anaconda Creek watersheds, plus several adjacent watersheds (Crooked Creek,
Lewis Guich, Omega Creek, Queen Gulch) having small areas subject to runoff management.

« Total atmospheric loading was calculated by summing mercury deposition from both
background and Project-related sources. The background loading was calculated using the
same atmospheric mercury deposition rate (8.4 pg/m2-yr) and retention rate (93%) as in the
baseline mass balance, applied to the area upstream of each station not subject to runoff
management. The Project-related atmospheric deposition loading is described in Table 3.3-3.

¢ Mercury mass loading from the WTP outfall on Crooked Creek was estimated using projected
flow rates presented in the Water Resources Management Plan (WRMP; SRK Consulting 2017}.
The operations water balance for Project years 2 to 27 under the above average precipitation
case indicates an average annual outflow of 1,378 gallons per minute (gpm) from the WTP.
Although predicted effluent mercury concentrations are not presented in the WRMP, Table 4-6
of the WRMP indicates the 95t percentile mercury concentration in WTP effluent will not
exceed the AWQS for mercury of 12 ng/L. Using the AWQS as a worst-case concentration and
the average outflow results in a conservative estimate of mercury mass loading at the outfall
of 0.033 kg/year. This loading is applied to the mass balances at CCAC and CCAK, which are
downstream of the outfall.
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Runoff Loading During Project (kg/yr)
Management Change in
Station (kmz.r % of | Geogenic | Atmospheric | Atmospheric | WTP total Total Loading
Drainage {Background) {Project) Outfall from Baseline
Area) (%)
DCBO 0 (0%) 0.134 0.054 0.0015 - 0.190 0.8%
AMER | 17.69 (99.7%) 0.00020 0.00003 0.00017 - 0.00040 -99.5%
ANDA 10.5 (52%) 0.045 0.0057 0.0029 - 0.054 -49.0%
CCAC 32 (11%) 0.477 0.153 0.030 0.033 0.693 -2.0%
CCAK 32 (3.7%) 3.20 0.492 0.046 0.033 3.77 -1.6%

Numbers may not add exactly due to rounding.

Figure 3.3-7 illustrates the differences between the baseline and project conditions mercury mass
balances for stations DCBO, AMER and ANDA. Corresponding diagrams are shown in Figure 3.3-8 for
CCAC and CCAK. In the Donlin Creek watershed that drains into station DCBO, only a very small
increase (less than 1 percent) in mercury mass loading is associated with the Project. In the American
and Anaconda Creek watersheds that drain into stations AMER and ANDA, there is a significant
reduction in mercury mass loading because the amount of mercury removed by the Project’s
treatment of surface water runoff is much higher than the increase in loading from the Project
atmospheric deposition of mercury.

ED_014329A_00000114-00110
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The reductions in loading within American and Anaconda Creeks due to runoff management also
reduce loading in the downstream Crooked Creek watersheds drained by stations CCAC and CCAK.
This reduction in loading due to runoff management in the watersheds drained by CCAC and CCAK is
greater than increases in loading due to atmospheric deposition and treated wastewater discharge
from the outfall. Over the entire Crooked Creek watershed, the Project is estimated to reduce the
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The figures for Section 3.3 (except for Figures 3.3-7 and 3.3-8) are shown in the attachment titled
“Appendix A”.

3.4 Mercury Concentrations in the Streams

As described in section 3.3, the long-term average mercury mass loading at five stations within the
Crooked Creek watershed was estimated to stay roughly the same or decrease due to Project
activities. As mercury mass loading is the product of flow and mercury concentration, a reduction in
average loading from baseline conditions will also result in a reduction in mercury concentrations,
assuming that streamflow is unaffected by the Project. However, where the surface water flow also
changes due to the Project, additional analysis is needed to determine the effect on concentrations. In
this section, the potential impacts of the Project on mercury concentrations in surface water are
evaluated for different locations within the Crooked Creek watershed.

3.4.1 Near-Project and Downstream Mercury Concentrations

As described in the FEIS, surface water flows near the mine will be reduced due to the diversion of
surface water runoff and the reduction in groundwater seepage to surface water due to pit dewatering.
Although some of this water will be treated and discharged back to Crooked Creek, a portion of the
water will be consumed as part of mine operations. The reduction in streamflow due to the Project was
qguantified for American Creek, Anaconda Creek, and different points in Crooked Creek in the FEIS
under four scenarios (see Table 3.5-26, FEIS). In this analysis, there were no streams in which
streamflow was predicted to increase during the Project as compared to baseline conditions. The
correlations between historical mercury concentrations and streamflow at ANDA, AMER, CCAC and
CCAK stations are shown in Figure 3.4-1 (see Appendix A). In all cases, a statistically significant
positive correlation is observed, indicating that higher flows are associated with higher mercury
concentrations, and lower flows are associated with lower mercury concentrations.

The FEIS noted similar positive correlations between streamflow and mercury concentrations at
stations CCAC and CCAK. The FEIS also references an evaluation of mercury concentrations under
different streamflow conditions (i.e., base flow, spring flow, and storm flow), which found generally
higher mercury concentrations during spring and storm flow conditions relative to base flow. The FEIS
notes that higher stream discharge is usually associated with higher flow velocity, which entrains
particulate matter from the stream bed during high flow events, and that a substantial fraction of the
total mercury load in the Crooked Creek watershed is associated with these high flow events. This
finding is supported by Arcadis (2020), which found total mercury concentrations in Crooked Creek
above the AWQS to be the result of mercury associated with suspended particles mobilized during high
flow events, based on observed correlations between mercury and total suspended solids
concentrations. This linkage between flow velocity and particle suspension provides a physical basis
for the observed correlation between streamflow and mercury concentration.

Although the correlations between streamflow and mercury concentration shown in Figure 3.4-1 were
evaluated under baseline conditions, this relationship would still hold under Project conditions, since
both the mass balance and geochemical fingerprinting evaluations found atmospheric deposition to be
a relatively minor contribution to mercury mass loading in Crooked Creek relative to geologic sources.
Based on these results, the reduction in streamflow resulting from Project water use would be
associated with a decrease in average mercury concentrations in surface water at ANDA, AMER, CCAC
and CCAK. Since the mine water management and dewatering systems would be operating throughout
the life of the Project, the expected the reductions in streamflow, and hence mercury concentrations,
would be consistent over time.
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3.4.2 Upstream Mercury Concentrations

At DCBO, located on Donlin Creek upstream of the Project, streamflow is not expected to change due
to the Project. However, the mercury mass balance under Project conditions predicts a small increase
in mercury mass loading at DCBO due to Project mercury air deposition in the watershed. To quantify
the impact on mercury concentrations at DCBO, the same percentage increase in mercury mass
loading predicted at DCBO (0.80%) was applied to historical mercury concentrations measured at
DCBO to determine the effect of this increase on the likelihood of concentrations being higher than 12
ng/L (the mercury AWQS). Of the 62 water quality samples collected at DCBO between 2003 and
2021, only six samples (9.7%) contained mercury concentrations above 12 ng/L. After applying the
assumed 0.80% concentration increase to all the baseline measurements at DCBO, there was no
change in the number of samples with mercury concentrations above 12 ng/L. Thus, the Project would
have a negligible impact on mercury water quality in the DCBO watershed. Similarly, negligible
mercury water quality impacts would be expected in other watersheds, both within and outside the
Crooked Creek watershed, where very small increases in mass loadings are predicted and the Project
would not impact streamflows. This is especially the case as the distance from the Project increases
and the amount of Project-related deposition is minimal.
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Executive Summary

The Fort Knox Mine is currently in the process of permitting a 52-foot lift on its tailings storage
facility (TSF) that would increase the dam height from 314 feet to 366 feet. The TSF currently has a
Class III (low) hazard classification under the State of Alaska Department of Natural Resource’s
Alaska Dam Safety Program. Fairbanks Gold Mining, Inc. (FGMI) retained SRK to complete a dam
failure analysis and prepare inundation maps to be used in the review of the dam’s hazard
classification and to update the Emergency Action Plan.

FGMI also operates a water storage reservoir (WSR) located approximately 2.2 miles downstream of
the TSF. In order to consider a “worst case” scenario, the failure analyses assumed that the WSR

embankment would also breach.

The TSF is located approximately 42 miles upstream of Fairbanks, Alaska. The flow path between
the TSF and Fairbanks consists primarily of Fish Creek, the Little Chena, and Chena Rivers.
Development is present at the lower end of the flow path, between Chena Hot Springs Road and the
confluence of the Little Chena and Chena Rivers. The potential for inundation in this region is

pertinent for the hazard classification and emergency planning.

The Guidelines for Cooperation with the Alaska Dam Safety Program state recommend “an
evaluation of a hypothetical dam failure” as part of the dam classification process. A quantitative
analysis of a hypothetical dam breach is required for “certain systems for which the results of a dam
failure are not apparent, such as a relatively large dam or reservoir located a long distance upstream
from a development that may not be in an apparent floodplain™. If the results indicate a significant
or high hazard, the guidelines recommend development of an inundation map to support emergency

action planning.

To meet these requirements, FGMI requested that SRK examine a range of hypothetical dam breach
conditions. The scenarios that were carried through to inundation modeling included a “clear day”
breach (i.e. in the absence of flood inputs), a breach under the Probable Maximum Precipitation
(PMP), and a breach under rainfall equivalent to one-half of the PMP. For the TSF dam, two types
of hypothetical breaches were simulated: one extending to the base of the dam, as would be expected
if the dam impounded only water; and another more realistic geometry that takes into account both
the relatively shallow pond and the presence of tailings solids behind the dam. The WSR dam was

assumed to breach to its base.

Additional simulations were completed to simulate floods arising from the PMP and the halt-PMP in
the absence of dam breaches. Comparison of the various simulation results showed the contribution

of each type of breach to the downstream flood levels.
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The simulations were modeled using the Hydrologic Engineering Centers-Hydrologic Modeling
Software (HEC-HMS 3.4) and River Analysis Software (HEC-RAS 4.0), both developed by the U.S.
Army Corps of Engineers. HEC-HMS was utilized to obtain hydrographs of the dam breaches and
precipitation runoff into the study reach. The routing of the hydrographs down the study reach was
performed with HEC-RAS. Solids transport was analyzed using simple calculations to show the
range of possible tailings release and downstream deposition. The estimated inundation limits for
each cross-section were displayed on aerial photographs along with Federal Emergency Management
Agency (FEMA) designated floodplains.

The following conclusions were evident:

e Although there are significant limitations to the current ability to analyze tailings dam breaches,
the resulting uncertainties do not prevent clear conclusions about the level of flooding
downstream of the WSR.

e A hypothetical breach of the TSF and WSR dams would lead to significant flooding extending at
least to Chena Hot Springs Road.

e According to the aerial photographs, all structures that are within the inundation limits for the
hypothetical dam breaches scenarios are also within the limits of the FEMA designated 100-year
and 500-year flood plains.

e The majority of solids released from the TSF will likely be deposited before the flood wave
reaches the confluence of Fish Creek and the Little Chena River. Suspended solids will be
transported to the Chena River, and a thin film would be deposited over portions of the
inundation area.

A revision of the TSF dam’s hazard classification is warranted based on the results of this analysis,
and the Emergency Action Plan should be updated and include provisions to protect affected parties

in the zone of possible inundation.

SN/spk Fortknox_DamFailureAnalysis_Report_ 73400040 _sn_deh_20100301.docx, Mar. 1, 10, 3:10 PM March 2010

ED_014329A_00000114-00140



SRK Consulting
TSF-WSR Dam Failure Analysis Page iii

Table of Contents

EXECULIVE SUMIMIABIY oot e e e e e e e e e e ee e e ee e e ee e ereeeeeeete s e eeeeeeeeansnnnansaneeaeeees i

g I £ o T [ o oY o 1
I T = 7= T (o 1o T4 T 1

I (BT Y N 4= - 1
IRC T3 (U T YA N o o1 o - o o TS 1
(I T U= AV Lo U TR AT Lo 2

LIRS S =Y o Lol S £ T 11 = S ST 2

2 Modeling Methods...........coo i e rrr e e renn s 3
R B D - T4 o T8 T == e T 3

P T B I o = Y- Vol o [ SRR 3

202 WSER BIEACH . oo e 3

2.1.3 Breach Development Parameters ... 3

214 Breach QUITIOWS ... et e e e e e e e 4

7wl [eTo Yo B CoTU < o Vo T RSP 5
D B 1ot o b Ty o - U 5

2.2.2 HydrologiC INPULS ..o 5

223 HEC-RAS Input Parameters.........cc 6

2.2.4 TOROGraPNY (o 8

225 Model Stabilify ..o 9

2.3 S0lAS ANBIYSIS . iiiiiii it e e e e e e aeer e ———— 9
2.3.1  SOHAS REIBASE ..ottt 9

2.3.2 Solids Deposilion ... 10

3 Model ReSUIS......coi i rs s se s era s se s r s s s ea s re s saa s sransseaserasssansensssnans 11
3.1 Predicted Breach QU IOWS. ... et er st eet e rr s e e s e e ennnnnrnseernees 11
3.2 Predicted Downstream FIOWS ...t ee e e s e en e rra s 11
3.2.1 Water Surface Elevation and FIOWIateS........coooov i 11

3.3 Solids Transport and Deposition ... e e s e e e e e rr e s 11

T - o3 1 -] o Y 13
R I =Y == Tet T O TU 11 (o 1Y 13
4.2 Flood Wave AHENUBHION ... vttt e e eea e ceea s s rr e sana s eeansrrrneernnnneees 14
4.3 Flood Levels at Chena Hot Springs Road ... e 14

T S S o T8 aTa =Y iToTa TN 1Y =1 o o1 o T U 15
4.5 Implications for Dam Classification ... e 16

5 Conclusions and Recommendations .........ccceiiiieiiiiininiinnn e ssssssssss s s 17
=] {3 (=] 1 L = 18
SN/spk Fortknox_DamFailureAnalysis_Report_ 73400040 _sn_deh_20100301.docx, Mar. 1, 10, 3:10 PM March 2010

ED_014329A_00000114-00141



SRK Consulting

TSF-WSR Dam Failure Analysis Page iv
List of Tables

Table 1: Summary of Breach Parameters ...t e s 4
Table 2: Summary of HEC-RAS INPULS .ot 8
Table 3: Assumed Volumes of Mobilized Solids ..., 10
Table 4. Estimated Flows below WSR (cross-section 24).........cccoooiiiviiiiiiciiiii e, 13
Table 5. Flood Wave Attenuation for TSF Shallow Breach — Clear Day Scenario...........ccceeeveee. 14
Table 6: Estimated Flood Levels at Chena Hot Springs Road (cross-section 6) ......cccoeevvvvecveennee. 15

List of Figures

Figure 1. Vicinity Map

Figure 2: Study Reach Map

Figure 3. Major Basin Map

Figure 4. Subbasin Map

Figure 5: Example of Cross-section Geometry Modification
Figure 6: Study Reach Profile

List of Appendices

Appendix 1: Calculations for Shallow Breach of TSF
Table 1.1: Sample Calculation - Potential Solids Mobilization
Figure 1.1: Volume of Released Solids (Tailing Slimes) vs Breach Depth

Appendix 2: Results for TSF Shallow Breach Scenarios
Figure 2.1: Dam Breach Hydrograph - Shallow Breach - Clear Day
Figure 2.2: Dam Breach Hydrograph - Shallow Breach - 1/2-PMP
Figure 2.3: Dam Breach Hydrograph - Shallow Breach - PMP

Table 2.1: HEC-RAS Results - Shallow Breach - Clear Day
Table 2.2: HEC-RAS Results - Shallow Breach- 1/2-PMP
Table 2.3: HEC-RAS Results - Shallow Breach -PMP

Table 2.4: HEC-RAS Results - Shallow Breach -Local 1/2-PMP
Table 2.5: HEC-RAS Results - Shallow Breach -Local PMP
Table 2.6: PMP Solids Deposition Analysis

Appendix 3: Results for TSF Deep Breach Scenarios
Figure 3.1: Dam Breach Hydrograph - Deep Breach - Clear Day
Figure 3.2: Dam Breach Hydrograph - Deep Breach - 1/2-PMP
Figure 3.3: Dam Breach Hydrograph - Deep Breach - Clear Day

Table 3.1: HEC-RAS Results - Deep Breach - Clear Day
Table 3.2: HEC-RAS Results - Deep Breach- 1/2-PMP
Table 3.3: HEC-RAS Results - Deep Breach -PMP

Table 3.4: HEC-RAS Results - Deep Breach -Local 1/2-PMP
Table 3.5: HEC-RAS Results - Deep Breach -Local PMP

Appendix 4: Inundation Limits for TSF Shallow Breach Scenarios

Appendix 5: Inundation Limits for TSF Deep Breach Scenarios

SN/spk Fortknox_DamFailureAnalysis_Report_ 73400040 _sn_deh_20100301.docx, Mar. 1, 10, 3:10 PM March 2010

ED_014329A_00000114-00142



SRK Consulting
TSF-WSR Dam Failure Analysis Page 1

1 Introduction
1.1 Background

Fairbanks Gold Mining, Inc. (FGMI) is in the process of requesting permits for a 52-foot lift on
the tailings storage facility (TSF) at the Fort Knox Gold Mine. The lift will increase the height of
the TSF dam from 314 feet to 366 feet.

Alaska Administrative Code 11 AAC 93, Dam Safety, defines a hazard potential classification
that is used to determine the minimum levels of design, inspection, and oversight that a dam will
receive, as well as requirements for emergency planning. Like most dam classification systems,
the Alaska system is based on potential problems that would occur if the dam were to fail. It is
not based on the physical condition of the structure. In keeping with that approach, the
Guidelines for Cooperation with the Alaska Dam Safety Program (ADSP) recommends that the
dam classification process be supported by “an evaluation of a hypothetical dam failure”. If the
results indicate a Class Il (significant) or Class I (high) hazard, the guidelines recommend
development of an inundation map to support emergency action planning.

The TSF currently has a Class HI (low) hazard classification. FGMI retained SRK to perform a
dam failure analysis to be used in the review of the raised dam’s hazard potential classification,

and as a basis for updating the Emergency Action Plan (EAP).

1.2 Study Area

Figure 1 displays the location of Fort Knox Gold Mine relative to the City of Fairbanks, Alaska
and major rivers in the area. The flow path length between the TSF and Fairbanks is

approximately 42 miles.

The stream reaches considered in the inundation analysis are shown in Figure 2. They extend
approximately 32 miles between the TSF and the confluence of the Little Chena River and Chena
River. Important features include the Water Storage Reservoir (WSR), constructed wetlands
between the TSF and the WSR, Fish Creek below the WSR, and the lower portion of the Little

Chena River characterized by wide, flat floodplains with thick vegetation.

1.3 Study Approach

The ADSP Guidelines recommend a quantitative analysis of a hypothetical dam breach for
“certain systems for which the results of a dam failure are not apparent, such as a relatively large
dam or reservoir located a long distance upstream from a development that may not be in an
apparent floodplain”. The TSF dam fits that description, and therefore FGMI requested that SRK

complete a quantitative dam breach analysis.

The dam breach analysis was performed in accordance with the ADSP Guidelines and with
Evaluation Procedures for Hydrologic Safety of Dams (ASCE, 1998). In general, dam breach
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analysis makes use of mathematical models to simulate two distinct processes: the formation of
the dam breach and the resulting outflow of water; and the downstream flow of the released
water. In the case of tailings dam breaches, the removal and deposition of tailings solids is also

commonly included in the analysis.

All three of the above steps were carried out for this study. Uncertainties were analyzed by
considering a range of scenarios. For example, two very different TSF dam breach geometries
and five different cases of hydrologic inputs were examined. All model results were compared to
rule of thumb guidelines, and the patterns apparent in the multiple runs were analyzed to identify
dominant effects. The study conclusions reflect both the model results and the subsequent

interpretation.

1.4 Previous Work

The following studies were relied upon for inputs to the dam failure analyses:

¢ John C. Halepaska and Associates, Inc prepared a dam break analysis in November 1995 for

the permitting of the original dam construction;

¢ FEMA has published a Flood Insurance Study (FIS) for the area. It is noted that FEMA only
conducted a detailed flood analysis for the Little Chena River up to 10,800 feet upstream of
Chena Hot Springs Road. Flood potential upstream of this point was derived from aerial

photography during flooding events;

e Knight Piésold and Co. (2009) prepared an evaluation report for the proposed improvements
to the TSF. This report provided the elevation-capacity curves of the TSF and WSR and the
%-PMP and PMP volumes for the TSF;

e Technical Paper No. 47 (TP-47) prepared by the US Weather Bureau (1963) provides 24-
hour PMP rainfall data for the state of Alaska. This information was utilized for the
determination of PMP point values and area correction factors for the Little Chena River
basin (excluding the TSF and WSR basins).

e FGMI provided SRK with topographical information obtained from the Fairbanks North Star
Borough GIS department. The data consists of 10 foot contours and covers the entire study

reach.

1.5 Report Structure

The next three sections of this report discuss the modeling methods and inputs, present the model
results, and discuss the identified patterns. Section 5 summarizes the study conclusions. Detailed

results are presented in appendices.
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2 Modeling Methods

2.1 Dam Breaches

2.1.1 TSF Breach

Methods currently available to estimate dam breach geometry are imprecise. These methods are
generally dependant on empirical relationships between initial geometry (dam height and
impounded volume) and final breach dimensions derived from historical dam breaches.
However, the TSF is atypical for its high embankment with a small fluid reservoir, and for the

presence of tailings solids behind the dam.

The current study reflected the uncertainty in the breach formation process by considering two
very different breach geometries for the TSF dam, one that follows the patterns seen in historical

failures of water dams, and one that takes into account the presence of tailings solids.

e A “TSF Deep Breach” case assumed that the TSF dam would fail in the mode shown by
water-retaining dams, meaning that the breach would extend through to its foundation. This
case is unlikely considering the geometry and small fluid reservoir of the TSF, but it provides

a worst case for assessing downstream inundation.

e A “TSF Shallow Breach” case assumed that the depth of the breach would be limited by the
tailings behind the dam. Calculations were completed to assess the mass of tailings that
could be mobilized by the available pond or flood water. The depth of the breach was
estimated by assuming various final tailings slopes. The calculations are provided in
Appendix 1 and show that a more plausible breach depth is about 30 feet.

2.1.2 WSR Breach

The WSR was assumed to breach in all cases. The WSR contains water only, and is more
comparable to dams in the historical dam breach records. The WSR was therefore assumed to
breach to its full depth.

2.1.3 Breach Development Parameters

Table 1 summarizes the breach parameters for the TSF and WSR. In addition to breach depth,
parameters needed to support outflow modeling include the breach width, side slope, and time to
failure. The range of TSF breach depths is discussed in the proceeding section. The sensitivity to
breach width was examined and an average width equal to the 2.5 times dam height was adopted.
Larger breach widths are not possible given the limited water available to move the dam solids.

ADSP recommendations were used for the breach side slopes and time to failure.
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Table 1: Summary of Breach Parameters

Dam Breach . Breach Time to
Height | Depth | Average Breach WIdth | sige siope | Failure
(ft) (ft) (H:v) (hrs)
TSF Shallow 90 ]
Breach 366 30 (3 x Breach Depth) 1 0.5
TSF Deep 915 .
Breach 366 366 (2.5 x Dam Height) 1 0-5
172
WSR 69 69 (2.5 x Dam Height) 1:1 0.5
ADSP Recommendations 0.5 - 5 x Dam Height 0.25:1 to 1:1 0.1t01.0

2.1.4 Breach Quiflows

The dam breach outflows and downstream flooding were modeled using the Hydrologic
Engineering Centers Hydrologic Modeling Software (HEC-HMS 3.4) and River Analysis
Software (HEC-RAS 4.0), both developed by the US Army Corps of Engineers. HEC-HMS was
utilized to obtain hydrographs of the dam breaches and precipitation runoff into the study reach.

The routing of the hydrographs down the study reach was performed with HEC-RAS.

HEC-HMS develops a dam breach hydrograph based on either a piping failure (associated with
seismic event) or an overtopping failure (associated with a storm event). For overtopping tailure,
HEC-HMS uses a weir equation to characterize the discharge. For piping failure, an orifice
equation is used until the embankment over the opening sloughs, then the program transitions to a

weir equation. In addition to the breach parameters discussed above, the model requires:
e Inflow flood volumes;

e Reservoir elevation-capacity curve;

e Initial water surface elevation (WSEL);

¢ Piping elevation (piping failure only); and

e Piping coefficient (piping failure only).
The TSF flood volumes were obtained from the prior studies conducted by Knight Piésold & Co.

The runoff contributing to the WSR was calculated using the SCS curve method, using
precipitation and runoff curve numbers consistent with the values used in the Knight Piésold
estimates of the TSF flood volumes. The estimated inflows to the WSR exceeded the available
storage volume of 6,315 acre-ft. The WSR was therefore assumed to be full at the time the

breaches initiate.
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Elevation capacity curves were determined from information provided in Knight Pi¢sold & Co.
(2009). The TSF dam crest was assumed to be raised to 1,540 feet. The WSR dam crest was

assumed to be at its current elevation of 1,039 ft.

For clear day failure scenarios, the TSF was assumed to be breached by a piping failure. For the
flood failure scenarios, overtopping and piping failure modes were analyzed for both the TSF and
WSR. Piping failures produced the highest peak discharges and were therefore assumed in all

further analyses.

2.2 Flood Routing

2.2.1 Scenarios

In contrast to the uncertainties associated with dam breach formation, the downstream routing of
the resulting flood wave is controlled by well understood physical processes. Uncertainties arise
primarily from the choice of hydrologic inputs and by the need to reduce complex natural
channels to simpler model geometry. To cover the range of hydrologic inputs, five scenarios

were considered:

e “Clear day” breach — TSF and WSR volumes at design operating volumes of (6,600 acre-feet
and 3,600 acre-feet, respectively) with base flow conditions in Fish Creek and Little Chena

River.
e “PMP” — Probable maximum precipitation (PMP) occurring over the entire study area.
e “Y-PMP” — One-half the PMP occurring over the entire study area.

e “Local PMP” - TSF impounding 6600 acre-feet plus the Probable Maximum Precipitation
(PMP) volume of 10,219 acre-feet. WSR impounding 3,600 acre-feet plus PMP runoff into

WSR. Base flow in the downstream reaches.

e “Local 12-PMP” — As above but with runoff volumes equal to one-half of the local PMP.

HEC-RAS simulations were also completed for cases with local and regional PMP or ¥2-PMP, but
no dam breaches. The difference in inundation area between the “breach” and “no breach” cases

indicates the contribution of the dams to the downstream hazards.

2.2.2 Hydrologic Inputs

The major watershed boundaries are shown in Figure 3. The Little Chena River has an
approximate total drainage area of 399 square miles. Approximately 6% of that drainage area, or
about 22 square miles, contributes to the TSF and WSR.

PMP and Half-PMP Runoff

The runoff from the entire Little Chena River for the PMP and 2-PMP events was modeled in
order to show the difference in inundation area between the storm events with and without a dam

breach. However, it was anticipated that the change in flood stage may be minimal considering
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the large amount of precipitation and the ratio of watershed contributing to the Little Chena River
versus the watershed contributing to the TSF and WSR. The inundation area of a dam breach
with the TSF and WSR impounding the 2-PMP and PMP runoff with base flow conditions
downstream was also modeled in order to contrast the clear day inundation damage to the damage
if a local ¥2-PMP and PMP were to occur over the TSF and WSR basins only.

Little Chena River

The Little Chena River has an approximate 399 square mile drainage area. 377 square miles
contribute to the Little Chena River downstream of the WSR. US Geological Survey (USGS)
Quadrangle maps were used to delineate the area into 10 major basins. These basins were further
subdivided into a total of 106 subbasins. Figures 3 and 4 display the major and subbasin
delineations, respectively. The basins were modeled in HEC-HMS using the SCS curve method.
Input parameters for determining the runoff hydrograph include:

e Basin Area;

e Precipitation;

e  Runoff Curve Number(RCN);
e Basin Lag Time; and

e Stream/river characteristics.

A 24-hour point PMP of 11 inches was obtained from TP-47 for the basin (excluding TSF and
WSR basins). A depth-area factor of 0.87 was applied to the 24-hour point PMP. Digitized
NRCS mapping was available from the FNSB GIS website. The basin is generally characterized
by class D soils with brush/woods cover. An antecedent moisture condition I (normal) was used
to produce a RCN of 77. Typically for PMP analyses, antecedent moisture is assumed to be
higher to produce a higher runoff volume; however, for the purposes of this study, decreasing the
amount of runoff contributing to the Little Chena River downstream of the WSR will produce
more conservative estimates for the difference in damage. The lag time for each basin was
estimated using methods obtained from TR-55. Stream and river characteristics were estimated
using the USGS quadrangle maps and aerial images. These characteristics were used to
determine the lag time for the basins and the lag time for the routing of the subbasins to their
confluence with the Little Chena River. Hydrographs were obtained from HEC-HMS at all
junctions with the study reach.

2.2.3 HEC-RAS Input Parameters

As noted above, the routing of the dam breach outflow and storm runoff hydrographs was
performed using the HEC-RAS model. The model uses continuity and momentum equations to

route the flood wave down the study reach. Input parameters for HEC-RAS include:
e cross-section topography;

e cross-section reach lengths;
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e Manning’s ‘n’ values;

¢ Base flows;

e Simulation time;

e Upstream and downstream boundary conditions; and

e Lateral inflows.

Cross-section geometry was obtained from several sources and is discussed in greater detail in
Section 2.2.2. The study reach was modeled based on the flow path traveling straight along the
valley. The reach lengths correlate to valley flow lengths and not the river alignment. The river
meanders considerably. A flood wave of this magnitude will not follow the path of the river, but
will travel straight, crossing the overbank areas. Additionally, the cross-section geometry of the
Little Chena River was estimated. Greater detail of the river geometry is not necessary

considering the volume of the flood wave and small base flows in the river.

Manning’s ‘n’ values were determined from aerial images and prior FEMA studies. FEMA
studies used values between 0.002 and 0.13. For this analysis, the overbank arcas were assigned
Manning’s ‘n’ values of 0.12. This higher value reflects the heavy underbrush in the area and the
sediment in the flow from the displaced tails and channel bed scouring that will occur during a

breach event.

A base flow of 250 cfs was input into the model for the study reach. This flow is consistent with
stream gage data at the Chena Hot Springs Road. This flow is higher than what would be

expected in Fish Creek; however, this low flow in inconsequential compared to the flood wave.

The model begins on January 1, 2010 at 0:00 hours. The breach is initiated one hour after the
start of the model. The flood wave peak reaches the WSR two hours after the model begins. This
time was used for the initiation of the WSR dam breach to model a “worst case” scenario.

The TSF dam breach hydrograph was the upstream boundary condition. HEC-RAS allows
several options for a downstream boundary condition. The “normal depth” option with a friction

slope of 0.0006 (approximate slope of water surface) was utilized for this analysis.

The runoff hydrographs for the downstream contributing areas as discussed in Section 2.1.1 were
input into the model as lateral inflows. HEC-RAS allows for lateral inflows to be introduced to
the reach by either a point source or an even distribution over a range of cross-sections. The
inflows were input according to how the basin primarily entered the reach. The hydrograph

multiplier option was utilized to convert the PMP runoff to the “-PMP.

A total of seven runs were performed for each of the TSF Shallow Breach and TSF Deep Breach

cases. A summary of the runs is shown in Table 2.
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Table 2: Summary of HEC-RAS Inputs

Run TSF volume WSR volume Downs:.t_ream
released (acre-ft) | released (acre-ft) Conditions

Clear Day- Dam Breach 6,600 3,300 Base Flow
1/2-PMP - No Dam Breach 0 0 1/2-PMP
1/2-PMP - Dam Breach 8,564 6,315 1/2-PMP
PMP - No Dam Breach 0 0 PMP
PMP - Dam Breach 10,219 6,315 PMP
Local 1/2-PMP - Dam Breach 8,564 6,315 Base Flow
Local PMP - Dam Breach 10,219 86,315 Base Flow

2.2.4 Topography

The FNSB GIS topographical data was initially used for the cross-section geometry.
Discrepancies between ground elevation data and aerial imagery were found through the course
of modeling. It appears that the brush/tree canopy surrounding the river maybe interfering with
ground elevation data. This is showing the Little Chena River to be at a higher elevation than the
adjacent floodplain and in some cases traveling up hill. Corrections were made to cross-sections
that were heavily affected. Figure 5 depicts the correction performed for XS-7. This correction
was typical for cross-sections that had clear discrepancies with the topographical data. The
modified cross-sections are located downstream of the WSR and upstream of Chena Hot Springs
Road (XS-23 through XS-7 in the figures discussed below).

One consequence of altering the cross-sections is that the computed water surface elevations and
inundation area cannot be directly correlated to available topographical data. For this reason,
aerial imagery was utilized to modify the inundation limits. These modifications consisted of
extending the inundation limits to include all visible flow paths in the Little Chena River that
were not depicted in the topographical data. The modifications to the inundation limits did not
alter the inundation status of any structures and therefore should not affect the hazard
classification of the TSF.

The region between Chena Hot Springs Road and the confluence of the Little Chena River and
the Chena River contains structures and will be the pertinent region for determining the hazard
classification. The topographical data from FNSB in this area did not correlate well with aerial
imagery. This region is flat (slopes less than 0.5%) and has heavy vegetation. With 10 foot
contour data being possibly influenced by canopy interface, the data is not suitable for this
analysis. Cross-sections for this region were obtained from the Halepaska (1995) inundation
analysis. The Halepaska report noted that the cross-section geometry was based on FEMA
mapping in the area. Utilizing this data enables comparison to the FEMA floodplain. It is noted
that the cross-section data does not compare well with the FNSB data at Chena Hot Springs Road

(XS-6); however, with the corrections made to the upstream cross-sections discussed above, the

March 2010
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ground slope upstream and downstream of this location is consistent. Figure 6 is the HEC-RAS

generated profile of the study reach with the cross-section locations represented by vertical lines.

2.2.5 Model Stability

HEC-RAS requires numerical conditions to be met for the convergence of a solution. The
dynamic nature and magnitude of the breach hydrographs initially led to model instability. HEC-
RAS allows for interpolation of cross-sections and varying time step intervals. These two
parameters were adjusted to produce a stable solution. The stable models utilized up to 2,380

interpolated cross-sections and a time step interval of 2 to 5 seconds.

2.3 Solids Analysis
2.3.1 Solids Release

The mobilization of solids in a dam failure is another very complex process, particular where
tailings dam breaches are involved. A significant portion of the solids mobilized in previous
tailings dam failures occurred as a mudflow, but the more normal processes of suspended and
bedload sediment movement play a role in moving solids further downstream. There is currently
no deterministic model of the combined effects of these processes. Therefore, simple bounding

calculations were used for this study

The basis for the calculations was the amount of solids that could be carried by the available
water. At other sites where tailings dams have been breached, the flood water carried up to 50%
solids by weight. That solids content is also in the range of slurry densities achieved in hydraulic

monitoring systems.

The available water in the TSF Deep Breach case is simply the free water in the TSF
corresponding to the clear day, ¥2-PMP and PMP scenarios. However, the TSF Shallow Breach
case assumes that tailings solids within the pond would be eroded, and the associated pore water

needs to be added to estimate of available water.

The two sets of calculations are shown in Appendix 1. Table 3 presents the resulting estimates of
solids mobilized for each scenario. There is no difference between the PMP and Local PMP
estimates, or the ¥-PMP and Local ¥2-PMP estimates.
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Table 3: Assumed Volumes of Mobilized Solids

Free Water | Tailings Solids mobilized Embankment Fill
Scenario Volume in TSF Shallow Breach mobilized in TSF Deep
{acre-ft) {million cu. ft.) Breach({million cu. ft.)
Clear Day 6600 423 133
1/2-PMP 8564 550 173
PMP 10219 656 206

2.3.2 Solids Deposition

A similarly simple set of calculations was used to estimate the downstream movement of the

solids. The focus was on identifying the range of bulk solids movement and channel burial.

In cases where the mobilized solids are contaminant sources, it can also be important to track the

transport of fine materials further downstream. However, neither the embankment materials nor

tailings solids at Fort Knox are contaminant sources. The fine material transported downstream

would settle out and be indistinguishable from natural sediments.

The simple calculations compared the volume of mobilized solids to the volume of inundated

area. Three cases were considered to cover a range of solids deposition:

e Solids are deposited to fill the inundation area from the TSF toe as far as possible

downstream.

e Solids are deposited to fill the inundation area in reaches with a 0.5% slope or less.

e The solids are deposited to fill half of the inundated volume along reaches with 0.5% slope.
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3 Model Results
3.1 Predicted Breach Outflows

The HEC-HMS breach outflow hydrographs for the TSF Shallow Breach Clear Day, “-PMP, and
PMP scenarios are shown in Figures 2.1 through 2.3 in Appendix 2. There is no difference
between the breach outflow hydrographs for the PMP and Local PMP scenarios, or for the %-
PMP and Local %-PMP scenarios. The comparable HEC-HMS outputs for the TSF Deep Breach

scenarios are shown in Appendix 3.

In all cases, the WSR breach produces a higher peak discharge than the TSF breach, even though
the WSR has a smaller capacity and lower embankment height. The higher peak discharge is due
to the geometry of the reservoir and ditferent breach parameters discussed above. The WSR has
a maximum pool depth of 69 feet while the TSF has a maximum pool depth of 15 feet (based on
ultimate tailings beach configuration). The additional depth of the WSR increases the initial fluid

discharge during a breach event.

3.2 Predicted Downstream Flows

3.2.1 Water Surface Elevation and Flowrates

HEC-RAS outputs for each of the TSF Shallow Breach scenarios are displayed in Tables 2.1
through 2.5 in Appendix 2. Some of the principal outputs are:

e The clear day and the local %-PMP and PMP scenarios have 95% peak wave tlood
attenuation by the time the flood wave reaches the Chena River; however, there is still
appreciable flow (3,809 to 6,675 cfs) at this location that will overtop the channel banks.

e There is less than a foot stage increase between the dam breach and no dam breach runs for

the %2 PMP and PMP scenarios with the storm occurring over the entire basin.

¢ The velocities at the confluence of the Little Chena River and Chena River are less than 2 feet
per second (fps) for the clear day and Local %2-PMP and PMP scenarios and less than 3 fps

for the ¥2-PMP and PMP scenarios with the storm occurring over the entire basin.

e The time to peak flow for the clear day and local events is about 20 hours at Chena Hot
Springs Road and 35 hours at the confluence of the Little Chena and Chena Rivers.

The comparable HEC-RAS outputs for the TSF Deep Breach scenarios are provided in
Appendix 3.

3.3 Solids Transport and Deposition

Table 2.6 in Appendix 2 shows the results of the solid deposition calculations for the TSF
Shallow Breach Local PMP scenario. They indicate that the majority of the solids will likely be
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deposited before the flood wave reaches the confluence of Fish Creek and the Little Chena River

(cross-section 15).

The flow velocities reported in all of the HEC-RAS results are sufficient to keep silt particles in
suspension. It is likely that suspended silt will be transported downstream throughout the study
area. Some of that sediment will be deposited along stream banks and in off-channel storage

zones, leaving a thin film of solids over much of the inundated area.
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4 Discussion
4.1 Breach Outflows

Comparison of the TSF outflow hydrographs predicted by the HEC-HMS modeling shows the
strong effect of the uncertainties in the TSF breach parameters. (See Figures 2.1 to 2.3 in
Appendix 2 and Figures 3.1 to 3.3 in Appendix 3.) The peak outflow from the TSF with a Deep
Breach is about 70,000 cfs, whereas the peak outflow from the TSF Shallow Breach is only about
8,000 cfs.

However, the HEC-RAS outputs for the reaches immediately below the WSR have a much
narrower range. Table 4 summarizes the flood wave heights and flowrates predicted immediately
below the WSR in all of the modeled scenarios. This form of presentation shows that the type of
breach at the TSF affects the peak flood wave heights below the WSR by only about 6-8% and
the peak flowrates by only about 17-21%. The pattern indicates the importance of the WSR to
the overall flood predictions. Because the water level in the WSR is much higher than the pond
depth in the TSF, the WSR breach outflow tends to dominate the widely varying inflows from the
TSF.

This pattern is fortunate for the interpretation of the downstream HEC-RAS results. It means that
the effects of the uncertainty in TSF breach parameters are dampened by the WSR, and therefore
do not translate into insurmountable uncertainties downstream. In fact, further examination of
Table 4 shows that the uncertainty in the choice of hydrologic condition, i.e. Clear Day or PMP,
has a much greater influence on the flood wave below the WSR. The flowrates predicted for
breaches under PMP conditions (116,000 cfs) are 63% greater than those predicted for Clear Day
breaches (71,000 cfs).

Table 4: Estimated Flows below WSR (cross-section 24)

Peak Flood Wave Height (ft) Peak Flowrate (cfs)
Hydl'0|0!:-JIC TSF Dee TSk TSF Dee TSF
Scenario P Shallow Difference P Shallow Difference
Breach Breach
Breach Breach
Clear Day 22.9 21.3 8% 86,000 71,000 21%
Local 1/2-PMP 26.7 25.2 6% 132,000 113,000 17%
Local PMP 27.2 25.5 7% 138,000 116,000 19%
Regional 1/2-PMP 26.7 25.2 6% 132,000 113,000 17%
Regional PMP 27.2 25.5 7% 138,000 116,000 19%
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4.2 Flood Wave Attenuation

The HEC-RAS results from the many scenarios generally show the expected patterns of
attenuation as the flood waves travel downstream. Table 5 shows selected HEC-RAS results for

the TSF Shallow Breach — Clear Day as an example.

A rule of thumb that is sometimes used in “back of envelope” calculations is that the flood peak
should reduce by half over each 10 miles of downstream travel. The results in Table 5 follow that
pattern exactly over the first ten miles to cross-section 14. The attenuation between cross-
sections 14 and 8 is less than the rule of thumb would suggest. However, the rule of thumb does

tend to over-estimate attenuation in shallow sloping channels.

The flood wave appears to not attenuate at all over the ten-mile stretch between cross-sections 8
and 1. However closer examination shows that the flood wave continues to decrease in height
until cross-section 4, and then increases. The increase below cross-section 4 is probably an
artifact of the boundary condition applied in the model at cross-section 1. Based on USGS stream
gage data and FEMA mapping, the Chena River reaches flood stage around 12,000 cfs and has
average annual peak stream flows under 3,000 cfs. Based on this information, the Chena River

has capacity to handle the potential flows from dam breaches.

Table 5: Flood Wave Attenuation for TSF Shallow Breach — Clear Day Scenario

Distance from Lel\al‘:?ll(i:’:\?:izn Channgl Base Floc_)d Wave
TSF (ft WSEL) Elevation (ft) Height (ft)
Section 24 3.2 979.9 958.6 21.3
Section 14 12.9 725.4 714.0 114
Section 8 24.0 511.4 503.9 7.5
Section 4 28.5 479.7 4741 5.6
Section 1 32.6 464.4 456.3 8.1

4.3 Flood Levels at Chena Hot Springs Road

Further patterns in the HEC-RAS results become more apparent if the focus is placed on one
location. Chena Hot Springs Road is represented by cross-section 6 in the model. Table 6
summarizes the flood elevations predicted for cross-section 6 under each of the modeled

scenarios.

The table includes the No Breach scenarios. It is interesting to compare the flood levels predicted
for the No Breach PMP or %-PMP scenarios to those predicted for the breach scenarios. The
peak flood elevation of 499.6 for the No Breach Regional PMP is much higher than the flood
levels expected for dam breaches in the absence of a regional PMP. That result is not
unexpected; regional PMP’s are extremely rare events and would certainly create very significant
floods. Interestingly though, even the flood level of 496.1 predicted for the No Breach 2-PMP is

much higher than those for the breach scenarios without regional storms. The ¥%-PMP has no
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statistical meaning, but is probably something like the 500-year storm. In other words, it is far
more likely than a PMP. These results suggest that the flooding associated with Clear Day or
Local PMP breaches of the TSF and WSR dams would be within the range of natural floods that

the stream channel would experience.

Table 6: Estimated Flood Levels at Chena Hot Springs Road (cross-section 6)

Peak Flood Elevation (ft) Surcharge due to Breaches (ft)
Hydrologic TSF TSF TSF
Scenario No TSF Deep | opaliow Deep Shallow | Difference
Breach Breach Breach Breach Breach
Clear Day 487.2 491.0 490.2 3.8 3.0 0.8
Local 1/2-PMP 487.2 492.0 491.0 4.8 3.8 1.0
Local PMP 487.2 492.3 491.3 5.1 4.1 1.0
Regional 1/2-PMP 496.1 496.9 496.8 0.8 0.7 0.1
Regional PMP 499.6 500.2 500.2 0.6 0.6 0.0

As noted above, the primary reason for running the No Breach cases was so that the effects of the
dam breaches could be distinguished from the effects of the PMP or 2-PMP in surrounding
reaches. Subtracting the No Breach flood elevations from the flood elevations predicted for each
breach scenario allows the flood surcharge associated with the dam failures to be determined.
The right half of Table 6 shows those results.

Several patterns are noteworthy. First, the flood surcharges associated with the Clear Day, Local
1%-PMP and Local PMP scenarios are clearly significant, ranging from 3.0 to 5.1 feet. Given the
wide shallow sloping floodplains in the area, this level of surcharge would cause extensive
flooding. Second, the range of surcharge predictions for the Clear Day, Local “%-PMP and Local
PMP scenarios is relatively small. As the last column of Table 6 shows, even the wide
uncertainty in the TSF breach parameters produces relatively little uncertainty in predicted flood
levels at the Chena Hot Springs Road. These two patterns together indicate that one can safely
conclude that failure of the TSF and WSR dams would cause significant flooding at Chena Hot
Springs Road.

The third pattern evident in the right half of Table 6 is the relatively small contribution of the dam
breaches to flood levels in cases where regional PMP or %-PMP events are occurring. That
pattern is not surprising given that the catchments reporting to the TSF and WSR represent only
6% of the total drainage area reporting to the Little Chena River.

4.4 Inundation Mapping

Mapbook 1 in Appendix 4 displays inundation limits from the HEC-RAS model runs for the TSF
Shallow Breach Clear Day, Local %2-PMP and Local PMP scenarios. Mapbook 2 in Appendix 5
shows the comparable results for the TSF Deep Breach scenarios. The mapbooks include aerial

imagery flown in 2007 by the US Department of Agriculture. FEMA designated floodplains are
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also shown. Structures in or around the study reach were identified from the aerial images and

are labeled on the maps.

The inundation limits are approximate only. As discussed earlier, there are discrepancies
between flood elevations reported from HEC-RAS and flood elevations obtained from contour
data on the inundation maps.

Despite the uncertainties, it is clear that there are structures within the flood area. One is an
inactive placer mining operation located approximately four miles downstream of the WSR. The
portion of Chena Hot Springs Road that passes through the floodplain, and the structures
immediately north and south of it, would be threatened by any of the modeled floods. There are
many homes located in the inundation area between Chena Hot Springs Road and the confluence
of the Little Chena River with the Chena River.

Precise comparison to the FEMA designated floodplains is problematic due to the differences in
topography. The inundation indicated by the HEC-RAS results exceeds the FEMA floodplain in
Fish Creek and the reaches just below the confluence with the Little Chena River. In reaches
closer to Chena Hot Springs Road, the HEC-RAS results indicate floodplains that are more
similar in width to the FEMA floodplains. Most of the structures that fall within the HEC-RAS
floodplains also fall within the FEMA floodplains.

4.5 Implications for Dam Classification

The ADSP Guidelines use the following property damage criterion for distinguishing between
Hazard Class III (low) and Hazard Class II (Significant):

e Class I — Limited impact to rural or undeveloped land, rural or secondary roads, and

structures. Loss or property damage limited to the owner of the barrier.

e Class Il — Probable loss of or significant damage to homes, occupied structures, commercial
or high-value property, major highways, primary roads, railroads or public utilities, or other

significant losses or damage not limited to the owner of the barrier.

The inundation mapping discussed above, and the predicted flood levels at Chena Hot Springs

Road, indicate that the current Class III designation for the TSF dam may need to be reviewed.
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onclusions and Recommendations

The following conclusions can be drawn from the analyses of hypothetival fatlures of the Fort
Konox TSY and WER dans:

s Although there are significant Bmitations fo the current ability 1o analyze fallings dam
breaches, the resulting uncertainties do not prevent clear conclusions about the level of
flooding dowrsgeam of the WER.

+ A hypothetical breach of the TSF and WSR dams would fead o significant flooding
extending at least to Chena Hot Springs Road.

¢ According to the aerial photographs, all structures that are within the inundation Himits Tor the
hypothetical dam breaches scenarios are also within the limits of the FEMA designated 100~
yvear and 300-vear fload plains.

»  The majority of solids released from the TSF will likely be deposited bafore the flood wave
reaches the confluence of Fish Creek and the Litthe Chena River. Suspended solids will be
gansported to the Chena River, and a thin fills would be deposited over portions of the
mundation area.

A reviston of the TSF dam's hazard classification s warranied based on the resulis of this

analysis, and the Bmergency Action Plan should be updated and include provisions 1o profect

affected parties in the zonge of possible inundation,

This report, “Fort Knox TSF & WER Dam Failure Analysis®, was prepared by SEK.
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Appendix 1

Calculations for Shallow Breach of TSF
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SRK Consulting

Table 1.1
Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

Sample Calculation - Potential Solid Mobilization

10,219 acre-feet
445,139,640 cf

Flood volume

50% solids content in slurry
13,888,357 tons solids

Assume

if all solids are from dam:
Dam bulk density*

134.9 pcf
0.0675 tons/cf
Amount removed 205,905,956.53 f

if all solids are from tailings:

Slimes bulk density* 76.6 pcf
{1.0383 tons/cf

Solids SG* 2.72

Vol. water content (.55

656,000,000 cf
25,124,800 tons
359,840,422 f
445,139,640 cf
805,080,062 cf
25,118,488 tons
Solids content 50.0%
£56,000,000.00 cf

Tailings volume
Tailings solids
Tailings pore water
Free water

Total water

Amount removed

*{Knight Piésold 2009)

Breach Volumes dh sn v11 20100211

ED_014329A_00000114-00170
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SRK Consulting Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis
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Figure 1.1: Volume of Released Solids {Tailing Slimes) vs Breach Depth

Breach Volumes dh sn v11 20100211 2/17/2010
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Results for TSF Shallow Breach Scenarios

ED_014329A_00000114-00172



SRK Consulting

Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis
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Figure 2.1: Dam Breach Hydrograph - Shallow Breach - Clear Day

KA\_SITES\Fort Knox\073400.040- Ft Knox TSF Dam Break\040_AutoCAD\HEC-HMS\Breach Parameters_20100211

2/17/2010
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SRK Consulting

Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis
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Figure 2.2: Dam Breach Hyrdograph - Shallow Breach - 1/2 PMP

KA_SITES\Fort Knox\073400.040- Ft Knox TSF Dam Break\040_AutoCAD\HEC-HMS\Breach Parameters_20100211

2/23/2010
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SRK Consulting

Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis
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Figure 2.3: Dam Breach Hydrograph - Shallow Breach - PMP

KA_SITES\Fort Knox\073400.040- Ft Knox TSF Dam Break\040_AutoCAD\HEC-HMS\Breach Parameters_20100211

2/17/2010
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SRK Consulting Table 2.1
Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

HEC-RAS Results - Shallow Breach - Clear Day

Maximum WSEL (ft) Flow (cfs) Velocity (fps)
Distance .
Cross Min Channel No No
) from TSF . No Dam Dam Dam Dam A
Section . Elevation (ft) AWSEL] Dam A Flow | Dam )
(mi) Break Break Break Break | Velocity
Break Break
28t 0.0 1154.8 1156.6 1164.2 7.6 250 7154 6904 2.8 7.6 4.8
27 0.6 1104.8 1106.8 1114.6 8.1 250 7072 6822 2.5 6.5 4.1
26 15 1049.8 1052.2 1060.4 8.2 250 6954 6704 2.1 5.6 3.5
25! 2.2 1023.1 1025.0 | 1038.4 | 134 | 250 | 6124 | 5874 | 2.6 | 0.7 -1.9
24 3.2 958.6 961.1 979.9 18.8 250 | 70781 | 70531 2.0 8.6 6.6
23 4.1 926.1 928.6 943.2 14.7 250 | 66643 | 66393 2.1 6.7 4.6
22 5.0 895.7 897.6 911.0 135 250 | 61567 | 61317 2.7 10.3 7.6
21 5.6 848.3 853.8 865.6 11.8 250 | 35801 | 35651 0.7 1.6 0.9
20 6.9 846.1 849.7 861.0 11.3 250 16832 | 16582 1.4 3.3 19
15 7.8 836.1 838.7 849.4 10.7 250 14633 | 14683 1.9 5.3 34
18 9.7 785.2 787.5 797.5 10.1 250 14401 | 14151 2.2 6.4 4.2
17 10.6 745.0 748.0 757.9 9.9 250 14264 | 14014 1.7 4.5 2.8
16 10.%8 738.4 742.0 750.6 8.6 250 14176 | 13926 1.9 4.8 2.9
158! 11.5 725.0 728.9 735.2 63 | 250 | 12003 | 11753 | 1.3 | 15 0.2
14 12.9 714.0 717.2 7254 8.2 250 10318 | 10068 1.6 3.9 2.3
13 14.4 693.3 696.2 700.9 4.7 250 10135 9885 1.7 3.0 1.2
12 15.3 674.9 677.7 682.9 5.2 250 9977 9727 1.8 34 1.6
11 17.2 634.8 637.0 641.4 4.4 250 9482 9232 1.7 2.8 1.1
10 19.1 595.0 597.8 603.2 54 250 8863 8613 1.8 34 1.7
9 22.0 534.9 538.0 542.8 4.8 250 8130 7880 1.6 2.9 1.3
8 24.0 503.9 507.7 5114 3.7 250 7175 6925 1.3 2.0 0.7
7 25.1 4841 498.3 501.2 2.5 250 6611 6361 1.2 1.9 0.7
6™ 26.6 485.7 487.2 490.2 30 | 250 | 6042 | 5792 | 09 | 16 0.7
5 27.2 480.7 483.0 486.1 3.1 250 5810 5560 0.8 14 0.6
4 28.5 4741 476.6 479.7 3.0 250 5267 5017 1.0 14 0.5
3 313 459.3 462.8 466.4 3.6 250 4450 4200 0.7 1.2 0.6
2 324 456.9 460.8 464.7 35 250 3810 3560 0.6 0.7 0.1
1P 32.6 456.3 460.3 464.4 | 4.1 | 250 | 3809 | 3559 | 0.9 | 1.5 0.6
(1] TSF downstream toe
[2] Water Storage Reservior
[3] Confluence of Fish Creek and Little Chena River
(4] Chena Hot Springs Road
[5] Confluence of Little Chena River and Chena River
HEC-Results_spreadsheet_073400.040_SN_20100211_rev3 2/17/2010
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SRK Consulting Table 2.2
Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

HEC-RAS Results - Shallow Breach - 1/2 PMP

) Maximum WSEL (ft) Flow (cfs) Velocity (fps)
Distance .
Cro.ss from TSF Min Channel No Dam | Dam No Dam Dam No Dam A
Section . Elevation (ft) A WSEL AFlow ] Dam .
(mi) Break | Break Break Break Break | Velocity
Break
28 0.0 1154.8 1156.6 | 1165.7 9.1 250 10899 | 10649 2.8 8.5 5.7
27 0.6 1104.8 1106.87 1116.5 9.6 257.91 | 10629 | 10371 2.5 7.2 4.7
26 1.5 1049.8 1052.24 | 1061.7 9.5 257.56 | 10208 | 9951 2.1 6.2 4.1
251 2.2 1023.1 1025.08|1042.2 17.2 252.77 7533 7280 2.6 0.6 -2.0
24 3.2 958.6 962.97 | 983.76| 20.8 554,19 | 112768 | 112214} 2.5 9.8 7.2
23 4.1 926.1 931.46 194656 15.1 [11704.42] 106095 104391} 2.9 7.6 4.7
22 5.0 895.7 902.08 {91351 11.4 §2272.35] 100052 97780 5.6 114 5.8
21 5.6 848.3 862.31 | 869.38 7.1 6412.47 | 59550 | 53137 0.5 1.8 1.3
20 6.9 846.1 859.66 | 864.44 4.8 11718.6 | 33867 | 22148 3.0 3.7 0.6
15 7.8 836.1 848.54 | 852.74 4.2 11983.4 1 30125 | 18142 5.1 6.2 1.1
18 9.7 785.2 797.11 | 800.33 3.2 12743.7 | 28691 | 15947 6.3 7.4 1.1
17 10.6 745.0 757.62 | 761.4 3.8 13110.6 | 28267 | 15156 4.4 5.6 1.2
16 10.9 739.4 753.43 | 755.21 1.8 3347.41 | 12145 | 8798 0.7 2.0 1.3
150 11.5 725.0 744.78 | 745.94 1.2 62979.6 | 72374 | 9355 2.1 2.2 0.1
14 12.9 714.0 734.98 1736.11 1.1 60569.2 | 70300 | 9731 6.4 6.7 0.3
13 14.4 693.3 705.18 | 705.78 0.6 60484.1 1 70317 | 9833 3.9 4.0 6.1
12 153 674.9 687.57 1688.22 0.6 60284.3 | 70109 | 9825 4.4 4.5 6.1
11 17.2 634.8 645.79 | 646.39 0.6 62377.4| 72420 | 10042 3.7 3.8 6.1
10 19.1 595.0 610.07 | 610.89 0.8 68206.1| 78939 | 10733 5.2 54 0.2
9 22.0 534.9 548.77 | 549.48 0.7 67766.4| 78976 | 11209 4.4 4.6 0.2
8 24.0 503.9 516.64 | 517.31 0.7 66427.7 | 78683 | 12256 3.1 3.2 0.1
7 25.1 494.1 505.66 | 506.39 0.7 63653 76721 | 13068 2.4 2.4 0.1
6™ 26.6 485.7 496.05 | 496.84 0.8 62725.4| 76565 | 13840 2.8 2.9 0.1
5 27.2 480.7 492.15 | 492.99 0.8 60055.9| 73847 | 13791 2.3 2.4 0.1
4 28.5 474.1 485.62 |486.44 0.8 55955 69112 | 13157 2.3 2.4 0.1
3 313 459.3 473.2 |1474.06 0.9 46849.3 | 57278 | 10429 1.7 1.8 6.1
2 324 456.9 471.23 1472.04 0.8 45588.8 | 55814 | 10225 15 1.6 0.1
15 32.6 456.3 470.78 |471.57| 0.8 |45585.5| 55815 | 10229 2.1 | 2.2 0.1
[1] TSF downstream toe
[2] Water Storage Reservior
[3] Confluence of Fish Creek and Little Chena River
[4] Chena Hot Springs Road
[5] Confluence of Little Chena River and Chena River
JHEC-Results_spreadsheet_073400.040_SN_20100211_rev3 2/17/2010
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SRK Consulting Table 2.3
Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

HEC-RAS Results - Shallow Breach - PMP

Min Maximum WSEL (ft) Flow (cfs) Velocity (fps)
Distance
Cross Channel No
. from TSF . No Dam Dam Dam No Dam| Dam .
Section . Elevation AWSEL] Dam A Flow A Velocity
{mi) Break Break Break Break | Break
(ft) Break
28! 0.0 1154.8 1156.6 | 1166.5 9.9 250 13252 | 13002 2.8 8.8 6.1
27 0.6 1104.8 1106.87 | 1117.5 | 10.6 §257.91| 13160 | 12902 2.5 7.6 51
26 1.5 1049.8 1052.24 | 1062.7 | 10.4 § 257.56| 13029 | 12772 2.1 6.5 4.4
251 2.2 1023.1 1025.08 | 10425 | 17.4 §252.77| 10618 | 10366 2.6 0.8 -1.8
24 3.2 958.6 964.14 984.1 19.9 §857.94]116220] 115362 3.0 9.8 6.8
23 4.1 926.1 932.46 946.3 14.4 §3158.6|109725] 106567 3.2 7.6 4.5
22 5.0 895.7 903.25 913.7 10.5 §4406.4]103940] 99533 6.2 11.5 5.3
21 5.6 848.3 866.29 869.8 3.5 13954 | 61915 | 47960 0.6 1.8 1.2
20 6.9 846.1 863.45 864.9 1.4 26700 | 34272 | 7573 3.3 3.5 0.2
19 7.8 836.1 852.27 853.6 1.3 27382 | 35098 | 7717 6.1 6.4 0.3
18 9.7 785.2 800.41 801.5 1.1 29175 | 37138 | 7963 7.4 7.7 0.3
17 10.6 745.0 762.25 764.0 1.8 30050 | 38027 | 7977 5.4 5.7 0.3
16 10.9 7394 759.43 761.0 1.6 9631 | 21019 | 11388 1.0 1.9 0.9
158! 11.5 725.0 751.82 752.8 1.0 1129919142914 12995 2.7 2.8 0.1
14 12.9 714.0 741.15 742.1 0.9 §127608| 141254 13645 8.0 8.2 0.2
13 14.4 693.3 708.74 709.4 0.6 §127757| 141656 13899 4.6 4.7 0.1
12 15.3 674.9 691.36 692.0 0.7 §127350| 141433 14083 5.2 5.3 0.1
11 17.2 634.8 649.44 650.1 0.6 §1132523| 146961 14438 4.4 4.5 0.1
10 19.1 595.0 615.19 616.0 0.8 1147427|162711| 15284 6.3 6.5 0.2
9 22.0 534.9 553.04 553.7 0.7 §147749| 163372 15623 5.4 5.5 0.1
8 24.0 503.9 520.6 521.3 0.7 1145311|161835| 16524 3.8 3.8 0.0
7 25.1 494.1 509.83 510.4 0.6 §139194| 153987 14793 2.6 3.1 0.6
6 26.6 485.7 499.64 | 500.2 0.6 [1141277|157031| 15754 | 3.4 3.4 0.0
5 27.2 480.7 495.84 496.5 0.6 §136027| 152573 16546 2.8 2.8 0.1
4 28.5 474.1 489.22 489.9 0.6 §127266| 144247 16981 2.8 2.9 0.1
3 31.3 459.3 477.11 477.3 0.7 1105616118936 13320 2.0 2.1 0.1
2 324 456.9 474,94 475.6 0.6 §103748|116842| 13094 1.9 2.0 0.1
1P 32.6 456.3 474.44 475.1 0.6 1103767116863 13096 2.5 2.6 0.1

[1] TSF downstream toe

[2] Water Storage Reservior

[3] Confluence of Fish Creek and Little Chena River
[4] Chena Hot Springs Road

[5] Confluence of Little Chena River and Chena River

HEC-Results_spreadsheet_(73400.040_SN_20100211 rev3 2/17/2010
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SRK Consulting Table 2.4
Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

HEC-RAS Results - Shallow Breach - Local 1/2 PMP

o Distance Ch[\::]rr\]el Maximum WSEL (ft) Flow {(cfs) Velocity (fps)
Section from TSF Elevation No Dam| Dam A WSEL No Dam| Dam A Elow No Dam| Dam A
(mi) () Break | Break Break | Break Break | Break | Velocity
28t 0.0 1154.8 1156.6 | 1165.7 9.1 250 10899 10649 2.8 8.5 5.6
27 0.6 1104.8 1106.8 | 1116.5 9.7 250 10629 10379 2.5 7.2 4.7
26 15 1049.8 1052.2 | 1061.7 9.5 250 10208 9958 2.1 6.2 4.1
251 2.2 1023.1 1025.0 | 1042.2 17.2 250 7533 7283 2.6 0.6 -2.0
24 3.2 958.6 961.1 983.8 22.7 250 112768 | 112518 2.0 9.8 7.7
23 4.1 926.1 928.6 946.6 18.0 250 106072 | 105822 2.1 7.5 5.5
22 5.0 895.7 897.6 913.5 16.0 250 100048 | 99798 2.7 11.4 8.7
21 5.6 848.3 853.8 869.4 15.6 250 59446 | 59196 0.7 1.8 11
20 6.9 846.1 849.7 864.4 14.8 250 33865 33615 1.4 3.7 2.3
19 7.8 836.1 838.7 852.7 14.0 250 30116 29866 1.9 6.2 4.3
18 9.7 785.2 787.5 800.3 12.9 250 28654 | 28404 2.2 7.4 5.2
17 10.6 745.0 748.0 761.4 13.4 250 28211 27961 1.7 56 3.9
16 10.9 739.4 742.0 753.6 11.5 250 27998 27748 1.9 5.8 3.9
151 11.5 725.0 7289 | 737.6 8.7 250 | 22406 | 22156 | 1.3 1.7 0.4
14 12.9 714.0 717.2 727.9 10.6 250 18793 18543 1.6 4.5 2.9
13 14.4 693.3 696.2 701.9 5.7 250 18384 18134 1.7 3.2 1.4
12 15.3 674.9 677.7 684.0 6.3 250 18067 17817 1.8 3.6 1.9
11 17.2 634.8 637.0 642.3 53 250 17067 16817 1.7 2.9 1.2
10 19.1 595.0 597.8 604.5 6.7 250 15762 15512 1.8 3.7 2.0
9 22.0 534.9 538.0 543.9 5.9 250 14309 14059 1.6 3.2 1.6
8 24.0 503.9 507.7 512.2 4.6 250 12636 12386 1.3 2.2 0.9
7 25.1 494.1 498.3 501.8 3.5 250 11367 11117 1.2 1.9 0.7
6 26.6 485.7 487.2 491.0 3.8 250 9759 9509 0.9 1.8 0.9
5 27.2 480.7 483.0 486.9 3.9 250 9174 8924 0.8 1.5 0.7
4 28.5 474.1 476.6 480.4 3.8 250 8158 7908 1.0 1.6 0.6
3 313 459.3 462.8 467.2 4.4 250 6470 6220 0.7 1.2 0.6
2 324 456.9 460.8 465.6 4.8 250 5961 5711 0.6 0.8 0.2
1 32.6 456.3 460.3 | 465.2 4.9 250 | 5959 | 5709 0.9 1.6 0.7
[1] TSF downstream toe
2] Water Storage Reservior
(3] Confluence of Fish Creek and Little Chena River
[4] Chena Hot Springs Road
(5] Confluence of Little Chena River and Chena River

K:\_SITES\Fort Knox\073400.040- Ft Knox TSF Dam Break\010_Management\report\tables\HEC-Results_spreadsheet_073400.040_SN_20100211_rev3  2/17/2010
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SRK Consulting Table 2.5
Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

HEC-RAS Results - Shallow Breach - Local PMP

Min Maximum WSEL (ft) Flow (cfs) Velocity {fps)
Distance
Cross Channel No No
. from TSF . No Dam Dam Dam Dam A
Section . Elevation AWSEL | Dam AFlow | Dam .
(mi) Break Break Break Break | Velocity
(ft) Break Break
281 0.0 1154.8 1156.6 | 1166.5 9.9 250 13252 13002 2.8 8.8 6.0
27 0.6 1104.8 1106.8 | 1117.5 10.6 250 13160 12910 2.5 7.6 5.1
26 1.5 1045.8 1052.2 | 1062.7 10.5 250 13029 12779 2.1 6.5 4.5
254 2.2 1023.1 1025.0 | 1042.5 17.4 250 10725 10475 2.6 0.8 -1.8
24 3.2 958.6 961.1 984.1 23.0 250 116243 | 115993 2.0 9.8 7.8
23 4.1 926.1 928.6 946.8 18.3 250 109748 | 109498 2.1 7.6 5.6
22 5.0 895.7 897.6 913.7 16.2 250 103935 | 103685 2.7 11.5 8.8
21 5.6 848.3 853.8 869.8 16.0 250 61968 61718 0.7 1.8 1.1
20 6.9 846.1 849.7 864.9 15.2 250 36458 36208 1.4 3.7 2.3
15 7.8 836.1 838.7 853.2 14.4 250 32595 32345 1.9 6.3 4.4
18 9.7 785.2 787.5 800.7 13.2 250 31077 30827 2.2 7.4 5.2
17 10.6 745.0 748.0 761.9 13.9 250 30600 30350 1.7 57 4.1
16 10.9 739.4 742.0 754.0 12.0 250 30379 30129 1.9 6.0 4.1
153 115 725.0 728.9 738.0 9.1 250 24098 23848 1.3 1.7 0.4
14 12.9 714.0 717.2 728.3 11.0 250 20484 20234 1.6 4.6 3.1
13 14.4 693.3 696.2 702.1 5.9 250 20064 19814 1.7 3.2 1.5
12 15.3 674.9 677.7 684.2 6.5 250 19723 19473 1.8 3.7 19
11 17.2 634.8 637.0 642.5 55 250 18805 18555 1.7 3.0 13
10 15.1 595.0 597.8 604.8 6.9 250 17413 17163 1.8 3.8 2.1
9 22.0 5349 538.0 544.1 6.1 250 15746 15496 1.6 3.3 1.7
8 24.0 503.9 507.7 512.4 4.7 250 13972 13722 1.3 2.2 0.9
7 25.1 4941 498.3 501.9 3.6 250 12671 12421 1.2 1.9 0.7
6l 26.6 485.7 487.2 | 491.3 4.0 250 | 11005 | 10755 | 0.9 | 1.8 0.9
5 27.2 480.7 483.0 487.1 4.1 250 10348 10098 0.8 1.6 0.8
4 28.5 474.1 476.6 480.7 4.0 250 9235 8985 1.0 1.6 0.6
3 313 459.3 462.8 467.4 4.6 250 7313 7063 0.7 13 0.6
2 324 456.9 460.8 465.8 5.0 250 6677 6427 0.6 0.8 0.2
15! 32.6 456.3 460.3 465.4 5.1 250 6675 6425 0.9 1.6 0.7
[1] TSF downstream toe
[2] Water Storage Reservior
[3] Confluence of Fish Creek and Little Chena River
(4] Chena Hot Springs Road
[5] Confluence of Little Chena River and Chena River
HEC-Results_spreadsheet_(73400.040_SN_20100211 rev3 2/17/2010

ED_014329A_00000114-00180



SRK Consuiting Table 2.6
Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis
PMP Solids Deposition Analysis

.. . Depaosition across
River | Distance Deposition Only in Half of Inundation
. Max. Flow Area | Reach Length | Volume [Cul. Volume] Deposition in Reach | Reaches with 0.5% .
Station | from TSF Area with 0.5%
Slope
Slope Reaches
(mi) (sf) (ft) (x10%cf) | (x10°cf) (x10° cf) (x10° cf) (x10° cf)
28 0.6 2381 2919 G ty 656 656 656
27 1.5 2698 4892 7.4 7.4 648.3
26 2.2 3242 3868 145 21.8 £33.8
25 3.2 19504 5003 44.0 65.5 589.8
24 4.1 17993 5133 93.8 158.7 496.0
23 5.0 20937 4687 999 258.6 3861 555.8 605.7
22 5.6 14985 3171 84.2 3438 3118 471.6 5637
21 6.9 51066 6657 104.7 448.6 207.1 366.9 5113
20 7.8 16364 5045 224.4 673.0 0.0 142.4 399.1
19 9.7 9250 9697 64.6 737.6 77.8 366.8
18 10.6 7516 4995 81.3 g18.9 0.0 326.1
17 10.9 7954 1685 3866 857.5 306.8
16 115 7948 2876 134 8709 300.1
15 12.9 21394 7526 42.2 913.1 279.0
14 14.4 7104 7731 167.2 1020.4 2254
13 153 12589 4999 76.1 1086.5 1873
12 17.2 11133 10029 59.3 1155.8 157.7
11 19.1 12295 10132 1175 12733 98.9
10 22.0 8420 15042 104.9 1378.2 465
9 24.0 9250 10462 132.9 15111 0.0
8 25.1 13511 6053 1181 1630.2
7 26.6 16387 7802 890.5 1720.6
6 27.2 11842 3053 1181 1830.8
5 28.5 14044 7161 385 1870.3
4 313 12774 14732 96.0 1966.3
3 324 13613 5795 184.4 2160.7
2 32.6 19625 1032 96.3 2257.0
1 326 11276 0 15.8 23729
Breach Volumes dh snv11 20100211 271772010
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SRK Consulting

Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

Flow (cfs)
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Figure 3.1: Dam Breach Hydrograph - Deep Breach - Clear Day

KA\_SITES\Fort Knox\073400.040- Ft Knox TSF Dam Break\040_AutoCAD\HEC-HMS\Breach Parameters - Sensitivity Analysis
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SRK Consulting

Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis
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Figure 3.2: Dam Breach Hydrograph - Deep Breach - 1/2 PMP

KA_SITES\Fort Knox\073400.040- Ft Knox TSF Dam Break\040_AutoCAD\HEC-HMS\Breach Parameters - Sensitivity Analysis
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SRK Consulting

Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis
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Figure 3.3: Dam Breach Hydrograph - Deep Breach - PMP

KA_SITES\Fort Knox\073400.040- Ft Knox TSF Dam Break\040_AutoCAD\HEC-HMS\Breach Parameters - Sensitivity Analysis
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SRK Consulting Table 3.1

Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

HEC-RAS Results - Deep Breach - Clear Day

Maximum WSEL (ft) Flow (cfs}) Velocity (fps)
Distance .
Cross Min Channel No No
. from TSF . No Dam Dam Dam Dam A
Section . Elevation (ft) AWSEL{ Dam A Flow | Dam .
(mi) Break Break Break Break | Velocity
Break Break
28t 0.0 1154.8 1156.6 1171.7 15.1 250 36619 | 36369 2.8 11.3 8.5
27 0.6 1104.8 1106.8 1123.1 16.3 250 35299 | 35049 2.5 9.8 7.3
26 15 1049.8 1052.2 1067.5 15.3 250 33590 | 33340 2.1 8.5 6.4
2512 2.2 1023.1 1025.0 1039.6 14.6 250 20898 | 20648 2.6 2.1 -0.5
24 3.2 958.6 961.1 981.5 20.4 250 86350 | 86100 2.0 9.0 7.0
23 4.1 926.1 928.6 944.8 16.3 250 83922 | 83672 2.1 7.0 5.0
22 5.0 895.7 897.6 912.4 14.8 250 81193 | 80943 2.7 10.9 8.2
21 5.6 848.3 853.8 868.5 14.7 250 50816 | 50566 0.7 1.7 1.0
20 6.9 846.1 849.7 863.8 14.1 250 29965 | 29715 1.4 3.6 2.2
19 7.8 836.1 838.7 852.2 134 250 26925 | 26675 1.9 6.1 4.2
18 9.7 785.2 787.5 799.9 124 250 25888 | 25638 2.2 7.2 5.0
17 10.6 745.0 748.0 760.8 12.8 250 25559 | 25309 1.7 54 3.8
16 10.9 739.4 742.0 753.1 11.1 250 25408 | 25158 1.9 5.7 3.8
154! 115 725.0 728.9 737.4 8.5 250 20717 | 20467 1.3 1.6 0.4
14 12.9 714.0 717.2 727.6 104 250 17974 | 17724 1.6 4.5 2.9
13 14.4 693.3 696.2 701.8 5.6 250 17662 | 17412 1.7 3.1 1.4
12 15.3 674.9 677.7 683.9 6.2 250 17420 | 17170 1.8 3.6 1.9
11 17.2 634.8 637.0 642.3 5.3 250 16582 | 16332 1.7 2.9 1.2
10 19.1 595.0 597.8 604.5 6.6 250 15435 | 15185 1.8 3.7 2.0
9 22.0 534.9 538.0 543.9 5.9 250 14062 | 13812 1.6 3.2 1.6
8 24.0 503.9 507.7 512.2 4.5 250 12430 | 12180 1.3 2.2 0.9
7 25.1 494.1 498.3 501.8 3.5 250 11150 | 10900 1.2 1.9 0.7
6 26.6 485.7 487.2 491.0 3.8 250 9501 9251 0.9 1.8 0.9
5 27.2 480.7 483.0 486.8 3.9 250 8900 8650 0.8 1.5 0.7
4 28.5 474.1 476.6 480.4 3.7 250 7855 7605 1.0 1.6 0.6
3 313 459.3 462.8 467.1 4.3 250 6408 6158 0.7 1.3 0.6
2 324 456.9 460.8 465.4 4.6 250 5591 5341 0.6 0.8 0.2
15 32.6 456.3 460.3 465.1 4.8 250 | 5588 | 5338 | 09 | 16 0.7
1] TSF downstream toe
2] Water Storage Reservior
3] Confluence of Fish Creek and Little Chena River
4] Chena Hot Springs Road
5] Confluence of Little Chena River and Chena River
HEC-Results_spreadsheet_073400.040_SN_20100119_revl 1/21/2010
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SRK Consulting Table 3.2

Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

HEC-RAS Results - Deep Breach - 1/2 PMP

. Maximum WSEL (ft) Flow (cfs) Velocity (fps)
Distance .
Cross Min Channel No
. from TSF . No Dam | Dam No Dam Dam Dam A
Section . Elevation (ft) A WSEL AFlow | Dam .
(mi) Break | Break Break Break Break | Velocity
Break
28 0.0 1154.8 1156.6| 1174.2| 17.6 250| 53318.9] 53069 | 2.77| 12.34| 9.6
27 0.6 1104.8 1106.87 1126 18.1 257.91] 51361.3] 51103 2.49] 10.8 8.3
26 1.5 1049.8 1052.24| 1070.1} 17.8 257.56] 48906.9| 48649 2.11) 9.52 7.4
251 2.2 1023.1 1025.08| 1043.5| 18.5 252.77| 24855.5] 24603 2.56] 1.66 -0.9
24 3.2 958.6 962.97]| 985.33} 224 554,19} 132200}131646 2.54] 10.18 7.6
23 4.1 926.1 931.46| 948.07| 16.6 1704.42) 126535{124831 2.85| 791 5.1
22 5.0 895.7 902.08| 914.78) 12.7 2272.35) 122250}119977 5.591 11.94 6.4
21 5.6 848.3 862.31] 872.71| 104 6412.47| 78087.21 71675 0.49| 1.78 1.3
20 6.9 846.1 859.66| 867.63| 8.0 11718.6] 55018.3] 43300 3.03| 4.12 1.1
15 7.8 836.1 848.54| 855.72y 7.2 11983.41 49986.9| 38003 51 6.95 1.9
18 9.7 785.2 797.11| 802.84] 5.7 12743.71 47640.3| 34897 6.27| 8.05 1.8
17 10.6 745.0 757.621 764.72| 7.1 13110.6] 46871 33760 4.35 6.6 2.3
16 10.9 739.4 753.43]| 756.34) 2.9 3347.41| 46579.4} 43232 0.71] 6.75 6.0
153 115 725.0 744.78] 745.92 1.1 62979.6] 72202.5] 9223 211 2.21 0.1
14 12.9 714.0 734.98| 736.08 1.1 60569.2| 70041.4} 9472 6.41] 6.69 0.3
13 14.4 693.3 705.18]| 705.76] 0.6 60484.1| 70039.5} 9555 3.88 4 0.1
12 15.3 674.9 687.57| 688.2] 0.6 60284.3| 69803.6f 9519 438 4.51 0.1
11 17.2 634.8 645.79| 646.37| 0.6 62377.4] 72140.4} 9763 3.67| 3.79 0.1
10 19.1 595.0 610.07| 610.87| 0.8 68206.1| 78700.61 10494 5.17| 5.36 0.2
9 22.0 534.9 548.77| 549.47| 0.7 67766.4| 78753.71 10987 4421 4.58 0.2
8 24.0 503.9 516.64| 5173, 0.7 66427.7| 78512.3| 12085 3.06f 3.17 0.1
7 25.1 494.1 505.66| 506.4) 0.7 63653] 76756.8] 13104 2.37) 243 0.1
6" 26.6 485.7 496.05| 496.9| 0.8 | 62725.4|77339.1| 146141 277/ 29| 01
5 27.2 480.7 492.15| 493.08] 0.9 | 60055.9|75192.4| 15136 | 2.28| 2.39] 0.1
4 28.5 474.1 485.62| 486.57| 0.9 55955| 71186.1} 152311 2.32| 2.44] o041
3 31.3 459.3 473.2| 474.23| 1.0 | 46849.3|59528.6| 12679 | 1.71| 1.8/ 0.1
2 32.4 456.9 471.23| 472.21] 1.0 | 45588.8|58047.3| 12459 | 1.48| 16| 0.1
15! 32.6 456.3 470.78{ 471.74] 1.0 45585.5| 58051.6{ 12466 2.13] 2.23 0.1
[1] TSF downstream toe
2] Water Storage Reservior
(3] Confluence of Fish Creek and Little Chena River
[4] Chena Hot Springs Road
[5] Confluence of Little Chena River and Chena River

JHEC-Results_spreadsheet_073400.040_SN_20100119_revl 1/21/2010

ED_014329A_00000114-00187



SRK Consulting Table 3.3

Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

HEC-RAS Results - Deep Breach - PMP

Min Maximum WSEL (ft) Flow (cfs) Velocity {fps)
Distance
Cross Channel No
. from TSF . No Dam Dam Dam No Dam| Dam .
Section . Elevation AWSEL] Dam A Flow A Velocity
{mi) Break Break Break Break | Break
(ft) Break

28! 0.0 1154.8 1156.6| 1176.05| 19.5 250| 67365| 67115 2.77| 13.09| 103
27 0.6 1104.8 1106.87) 1128.03| 21.2 § 257.91] 64889 64631 2.49| 11.51 9.0
26 1.5 1049.8 1052.24) 1071.88] 19.6 § 257.56] 61932} 61674 2.11| 10.16 8.1
2512 2.2 1023.1 1025.08| 1043.9| 18.8 | 252.77| 30371} 30119 2.56 1.96 -0.6
24 3.2 958.6 964.14| 985.78] 21.6 [ 857.94| 138047} 137189 2.98 10.3 7.3
23 4.1 926.1 932.461 948.49) 16.0 | 3158.6| 132557 129398 3.17 8.02 4.9
22 5.0 895.7 903.25] 915.12) 11.9 | 4406.4| 128458 124051 6.23| 12.09 5.9
21 5.6 848.3 866.29| 873.67| 74 13954 83868] 69914 0.58 1.79 1.2
20 6.9 846.1 863.45] 868.56] 5.1 26700| 61993} 35294 3.33 4.24 0.9
19 7.8 836.1 852.27| 856.57] 4.3 27382| 56791} 29409 6.09 7.15 1.1
18 9.7 785.2 800.41 803.6] 3.2 29175| 54207} 25032 7.37 8.26 0.9
17 10.6 745.0 762.25| 765.69] 34 30050| 53350} 23301 54| 691 1.5
16 10.9 739.4 759.43] 760.83] 1.4 9631| 19137 9506 1.01 1.77 0.8
150 115 725.0 751.82| 752.65{ 0.8 1129919| 141230} 11311 274} 2.79 0.0
14 12.9 714.0 741.151 741957 0.8 [127608| 139345 11736 8.02 8.2 0.2
13 14.4 693.3 708.741 709.27F 0.5 §1127757) 139678} 11920 4,611 4.71 0.1
12 15.3 674.9 691.36] 691.93] 0.6 [127350| 1394151 12065 519 5.32 0.1
11 17.2 634.8 649.44 650f 0.6 §132523| 144963] 12440 4.38] 4.48 0.1
10 19.1 595.0 615.19] 615.91) 0.7 1147427 160771} 13344 6.34] 6.49 0.2
9 22.0 534.9 553.04| 553.66] 0.6 [147749| 161416 13668 539 551 0.1
8 24.0 503.9 520.6] 521.23| 0.6 145311} 159924] 14613 3.8 3.8 0.0
7 25.1 494.1 509.83| 510.39] 0.6 }139194| 152836| 13643 2.56] 3.12 0.6
64 26.6 485.7 499.64| 500.24| 0.6 1141277| 156811 15534 3.35 3.37 0.0
5 27.2 480.7 49584 496.51) 0.7 §136027) 152968} 16941 2.76 2.82 0.1
4 28.5 4741 489,221 489.93) 0.7 §127266] 145681 18414 2.79 2.87 0.1
3 313 459.3 477.11 4779 0.8 [105616} 121356f 15739 2.03 2.09 0.1
2 324 456.9 47494} 475.68] 0.7 §103748) 119274} 15527 1.91 1.99 0.1
15 32.6 456.3 474.44| 475.18| 0.7 [103767| 119304| 15537 2.49| 256| 0.1

[1] TSF downstream toe

[2] Water Storage Reservior

[3] Confluence of Fish Creek and Little Chena River
[4] Chena Hot Springs Road

[5] Confluence of Little Chena River and Chena River
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SRK Consulting Table 3.4

Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

HEC-RAS Results - Deep Breach - Local 1/2 PMP

o Distance Chl\{::l::;e| Maximum WSEL (ft) Flow (cfs) Velocity (fps)
Section from TSF Elevation No Dam| Dam A WSEL No Dam| Dam A Elow No Dam| Dam A
(mi) () Break | Break Break | Break Break | Break | Velocity
28t 0.0 1154.8 1156.6 | 1174.2 17.7 250 53319 | 53069 2.8 12.3 9.5
27 0.6 1104.8 1106.8 | 1126.0 19.2 250 51361 | 51111 2.5 10.8 8.3
26 1.5 1049.8 1052.2 | 1070.1 17.9 250 48907 | 48657 2.1 9.5 7.4
251 2.2 1023.1 1025.0 | 1043.5 18.5 250 24961 24711 2.6 1.7 -0.9
24 3.2 958.6 961.1 985.3 24.3 250 132201 | 131951 2.0 10.2 8.2
23 4.1 926.1 928.6 948.1 19.5 250 126557 | 126307 2.1 7.9 5.9
22 5.0 895.7 897.6 914.8 17.2 250 122257 | 122007 2.7 11.9 9.2
21 5.6 848.3 853.8 872.7 18.9 250 78149 | 77899 0.7 1.8 1.1
20 6.9 846.1 849.7 867.6 18.0 250 54950 | 54700 1.4 4.1 2.7
19 7.8 836.1 838.7 855.7 17.0 250 49982 | 49732 1.9 7.0 5.0
18 9.7 785.2 787.5 802.8 15.4 250 47623 | 47373 2.2 8.1 5.8
17 10.6 745.0 748.0 764.7 16.7 250 46849 | 46599 1.7 6.6 4.9
16 10.9 739.4 742.0 756.3 14.3 250 46562 | 46312 1.9 6.8 4.9
153 115 725.0 728.9 740.2 11.3 250 35855 | 35605 1.3 1.9 0.6
14 12.9 714.0 717.2 730.5 13.3 250 30690 | 30440 1.6 52 3.7
13 14.4 693.3 696.2 703.0 6.8 250 30047 29797 1.7 34 1.7
12 15.3 674.9 677.7 685.2 7.5 250 29496 29246 1.8 3.9 2.1
11 17.2 634.8 637.0 643.3 6.3 250 28025 27775 1.7 3.2 1.5
10 19.1 595.0 597.8 605.9 8.1 250 25857 25607 1.8 4.1 2.4
9 22.0 534.9 538.0 545.1 7.1 250 23208 22958 1.6 3.6 2.0
8 24.0 503.9 507.7 513.1 5.5 250 20388 20138 1.3 2.4 1.1
7 25.1 494.1 498.3 502.5 4.1 250 18028 17778 1.2 2.0 0.8
6 26.6 485.7 487.2 492.0 4.7 250 15362 15112 0.9 2.0 1.1
5 27.2 480.7 483.0 487.8 4.8 250 14264 14014 0.8 1.7 0.9
4 28.5 474.1 476.6 481.3 4.6 250 12535 12285 1.0 1.7 0.7
3 313 459.3 462.8 468.0 5.2 250 9649 9399 0.7 1.4 0.7
2 324 456.9 460.8 466.3 55 250 8409 8159 0.6 0.8 0.3
15 32.6 456.3 460.3 465.9 5.6 250 8407 8157 0.9 1.6 0.7
[1] TSF downstream toe
2] Water Storage Reservior
3] Confluence of Fish Creek and Little Chena River
[4] Chena Hot Springs Road
(5] Confluence of Little Chena River and Chena River

K:\_SITES\Fort Knox\073400.040- Ft Knox TSF Dam Break\010_Management\report\tables\HEC-Results_spreadsheet_073400.040_SN_20100119 revl 1/21/2010

ED_014329A_00000114-00189



SRK Consulting Table 3.5

Fairbanks Gold Mining, Inc.
Fort Knox Project
TSF and WSR Dam Break Inundation Analysis

HEC-RAS Results - Deep Breach - Local PMP

Min Maximum WSEL(ft) Flow (cfs) Velocity (fps)
Distance
Cross Channel No No
. from TSF . No Dam Dam Dam Dam A
Section . Elevation AWSEL] Dam AFlow | Dam .
(mi) Break Break Break Break | Velocity
(ft) Break Break
281 0.0 1154.8 1156.6 | 1176.1 19.5 250 67365 67115 2.8 13.1 10.3
27 0.6 1104.8 1106.8 | 1128.0 21.2 250 64889 64639 2.5 11.5 9.0
26 1.5 1049.8 1052.2 | 1071.9 19.7 250 61932 61632 2.1 10.2 8.1
2512 2.2 1023.1 1025.0 | 1043.9 18.9 250 30371 30121 2.6 2.0 -0.6
24 3.2 958.6 961.1 985.8 24.7 250 138047 | 137797 2.0 10.3 8.3
23 4.1 926.1 928.6 948.5 19.9 250 132557 | 132307 2.1 8.0 6.0
22 50 895.7 897.6 915.1 17.6 250 128454 | 128204 2.7 12.1 9.4
21 5.6 848.3 853.8 873.7 19.8 250 83611 83361 0.7 1.8 1.1
20 6.9 846.1 849.7 868.6 18.9 250 62009 61759 1.4 4.2 2.8
15 7.8 836.1 838.7 856.6 17.9 250 56797 56547 1.9 7.2 5.2
18 9.7 785.2 787.5 803.6 16.1 250 54185 53935 2.2 8.3 6.1
17 10.6 745.0 748.0 765.7 17.7 250 53313 53063 1.7 6.9 5.2
16 10.9 739.4 742.0 757.1 15.1 250 52999 52749 1.9 7.0 5.1
153 11.5 725.0 728.9 741.0 12.1 250 40346 40096 1.3 1.9 0.7
14 12.9 714.0 717.2 731.3 14.1 250 34973 34723 1.6 54 3.9
13 14.4 693.3 696.2 703.3 7.1 250 34200 33950 1.7 3.5 1.8
12 15.3 674.9 677.7 685.6 7.8 250 33589 33339 1.8 3.9 2.2
11 17.2 634.8 637.0 643.7 6.6 250 31913 31663 1.7 3.2 1.5
10 19.1 595.0 597.8 606.4 8.6 250 29474 29224 1.8 4.2 2.5
9 22.0 534.9 538.0 5455 7.5 250 26398 26148 1.6 3.6 2.0
8 24.0 503.9 507.7 5135 5.8 250 23091 22841 1.3 2.4 1.1
7 25.1 494.1 498.3 502.7 4.4 250 20637 20387 1.2 2.0 0.8
6 26.6 485.7 487.2 492.3 5.0 250 17520 17270 0.9 2.1 1.2
5 27.2 480.7 483.0 488.1 51 250 16241 15991 0.8 1.7 0.9
4 28.5 474.1 476.6 481.6 49 250 14216 13966 1.0 1.7 0.8
3 313 459.3 462.8 468.3 54 250 10695 10445 0.7 1.4 0.7
2 324 456.9 460.8 466.6 5.8 250 9548 9298 0.6 0.9 0.3
15! 32.6 456.3 4603 | 466.2 5.9 250 | 9545 | 9295 | 0.9 1.7 0.8
[1] TSF downstream toe
2] Water Storage Reservior
3] Confluence of Fish Creek and Little Chena River
[4] Chena Hot Springs Road
[5] Confluence of Little Chena River and Chena River
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Appendix 4

Inundation Limits for TSF Shallow Breach Scenarios

ED_014329A_00000114-00191



EXPLANATION _:,Feet
.
Cross Section [ Mapbook Page 0 12,000
DRAWING TITLE:

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN: SN |ORAWN: BVB]REVIEWED: DH

SCALE: 1 inch = 12,000 feet DATE:  (02/25/2010

FAIRBANKS GOLD
MINING, INC.
FORT KNOX MINE

TSF SHALLOW

BREACH SCENARIOS

DRAWING NO.

MAPBOOK 1

SRK JOB NO.

73400.040

REVISION

A

Mapbook(_M Gross_ _Sections_ Ir_1dex mxd

ED_014329A_00000114-00192



S

S

R
SRS N
L

Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00193



Cross Section @ Clear Day

B Structure Local 1/2 PMP
-~ Road €& Local PMP

Fema 100 Year Flood Zone
Fema 500 Year Flood Zone

Feet
|
0 1,000

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN:

SN |ORAWN: BVB]REVIEWED: DH

SCALE:

1 inch = 1,000 feet DATE:  02/25/2010

FAIRBANKS GOLD
MINING, INC.
FORT KNOX MINE

DRAWING TITLE:

TSF SHALLOW
BREACH SCENARIOS

DRAWING NO. MAPBOOK 1 REVISION

SRK JOB NO. 73400.040 A

Mapbook(_M Cross_S_eotior_]s_ 1_000 mxd

ED_014329A_00000114-00194



Cross Section @ Clear Day

B Structure

-~ Road

Local 1/2 PMP
€& Local PMP

Fema 100 Year Flood Zone
Fema 500 Year Flood Zone

0 1,000

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN: SN |ORAWN:

BvB

REVIEWED: DH

SCALE: 1 inch = 1,000 feet

DATE:  02/25/2010

FAIRBANKS GOLD
MINING, INC.
FORT KNOX MINE

DRAWING TITLE:

TSF SHALLOW
BREACH SCENARIOS

DRAWING NO. MAPBOOK 1 REVISION

SRK JOB NO. 73400.040 A

Mapbook(_M Cross_S_eotior_]s_ 1_000 mxd

ED_014329A_00000114-00195



.
S

Cross Section @ Clear Day

B Structure Local 1/2 PMP

-~ Road €& Local PMP

Fema 100 Year Flood Zone
Fema 500 Year Flood Zone

SR Consuiling

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN: SN |ORAWN: BVB]REVIEWED: DH

SCALE: 1 inch = 1,000 feet DATE:  02/25/2010

FAIRBANKS GOLD
MINING, INC.
FORT KNOX MINE

DRAWING TITLE:

TSF SHALLOW
BREACH SCENARIOS

DRAWING NO. MAPBOOK 1 REVISION

SRK JOB NO. 73400.040 A

i Mapbook(_M Cross_s_ec_tio_r_]s_ 1000.mxd

ED_014329A_00000114-00196



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
# Structure Local 1/2 PMP Fema 500 Year Flood Zone L
~~ Road © Local PMP 0 1,000
- DRAWING TITLE:
SRK Consulting FAIRBANKS GOLD |  TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e — FORT KNOX MINE [ WAPBOOK =
: Mapbook01 Cross Sections 1000mxd| ‘ - 73400.040

ED_014329A_00000114-00197



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00198



e
e
e

Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00199



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00200



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00201



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00202



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00203



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00204



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00205



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
# Structure Local 1/2 PMP Fema 500 Year Flood Zone L
~~ Road © Local PMP 0 1,000
- DRAWING TITLE:
SR Consulting FAIRBANKS GOLD |  TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
I FORT KNOX MINE [ WAPBOOK =
FILE NAWE: Mapbook01 Cross Sections 1000.mxd el Page_::1_4 _ 73400.040

ED_014329A_00000114-00206



Cross Section @ Clear Day
B Structure Local 1/2 PMP
-~ Road €& Local PMP

Fema 100 Year Flood Zone
Fema 500 Year Flood Zone

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN: SN |ORAWN: BVB]REVIEWED: DH

SCALE: 1 inch = 1,000 feet DATE:  02/25/2010

. [T
SRK Consuiting FAIRBANKS GOLD

MINING, INC.
FORT KNOX MINE

DRAWING TITLE:

TSF SHALLOW
BREACH SCENARIOS

DRAWING NO. MAPBOOK 1 REVISION

SRK JOB NO. 73400.040 A

Mapbook(_M Cross_S_eotior_]s_ 1_000 mxd

ED_014329A_00000114-00207



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00208



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00209



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00210



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD | _ TSF SHALLOW
NAD 83 State Plane Alaska Zone 3 Feet MINING, INC. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOK 1Ty -
f'LENAME: Mapbook01 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00211



Cross Section @ Clear Day
B Structure

-~ Road

Local 1/2 PMP
€& Local PMP

Fema 100 Year Flood Zone
Fema 500 Year Flood Zone

Feet N
|

0 1,000

ERK i‘?wmm?ié‘wg

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN:

SN |ORAWN:

BvB

REVIEWED: DH

SCALE:

1 inch = 1,000 feet

DATE:  02/25/2010

1000.mxd

FAIRBANKS GOLD
MINING, INC.
FORT KNOX MINE

DRAWING TITLE:

TSF SHALLOW
BREACH SCENARIOS

DRAWING NO. MAPBOOK 1 REVISION

SRK JOB NO. 73400.040 A

FILE NAME:

Mapbook01 Cross Secti

ED_014329A_00000114-00212



Appendix 5

Inundation Limits for TSF Deep Breach Scenarios

ED_014329A_00000114-00213



EXPLANATION Feet
, L B
Cross Section L] Mapbook Page 0 12,000
FAIRBANKS GOLD TSF DEEP

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN: SN |ORAWN: BVB]REVIEWED: DH

SCALE: 1 inch = 12,000 feet DATE:  (02/25/2010

MINING, INC.
FORT KNOX MINE

BREACH SCENARIOS

DRAWING NO. MAPBOQOK 2

SRK JOB NO. 73400.040

REVISION

A

MapbookQZ Gross_ _Sections_ Ir_1dex mxd

ED_014329A_00000114-00214



S

S

R
SRS N
L

Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD TSF DEEP
NAD 83 State Plane Alaska Zone 3 Feet M I N I N G, IN C. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOKZIT, -
_F”-E NAME: Mapbook02 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00215



Cross Section @ Clear Day
B Structure Local 1/2 PMP
~~ Road ® Local PMP

Fema 100 Year Flood Zone
Fema 500 Year Flood Zone

Feet
|
0 1,000

NAD 83 State Plane Alaska Zone 3 Feet
leDRAWN: BvB|REVIEWED: DH
1 inch = 1,000 feet DATE: — (1/25/2010

DESIGN:

SCALE:

FAIRBANKS GOLD
MINING, INC.
FORT KNOX MINE

DRAWING TITLE:

TSF DEEP
BREACH SCENARIOS

DRAWING NO. MAPBOOK 2 REVISION

73400.040 A

SRK JOB NO.

MapbookQZ Cross_S_eotior_]s_ 1_000 mxd

ED_014329A_00000114-00216



Cross Section @ Clear Day
B Structure Local 1/2 PMP
~~ Road ® Local PMP

Fema 100 Year Flood Zone
Fema 500 Year Flood Zone

0 1,000

NAD 83 State Plane Alaska Zone 3 Feet
DESIGN: leDRAWN: BvB|REVIEWED: DH
SCALE: 1 inch = 1,000 feet DATE: — (1/25/2010

FAIRBANKS GOLD
MINING, INC.
FORT KNOX MINE

DRAWING TITLE:

TSF DEEP
BREACH SCENARIOS

DRAWING NO. MAPBOOK 2 REVISION

73400.040 A

SRK JOB NO.

MapbookQZ Cross_S_eotior_]s_ 1_000 mxd

ED_014329A_00000114-00217



.
S

Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
ee
B Structure Local 1/2 PMP Fema 500 Year Flood Zone |
-~ Road ® Local PMP 0 1,000
DRAWING TITLE:
SRE Consulling
g FAIRBANKS GOLD TSF DEEP

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN: SN |ORAWN: BVB]REVIEWED: DH

SCALE: 1 inch = 1,000 feet DATE:  02/25/2010

MINING, INC.
FORT KNOX MINE

BREACH SCENARIOS

DRAWING NO. MAPBOOK 2 REVISION

SRK JOB NO. 73400.040 A

i MapbookQZ Cross_s_ec_tio_r_]s_ 1000.mxd

ED_014329A_00000114-00218



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L
~~ Road © Local PMP 0 1,000
- DRAWING TITLE:

SRK Consulting FAIRBANKS GOLD TSF DEEP

NAD 83 State Plane Alaska Zone 3 Feet M I N I N G, IN C. BREACH SCENARIOS
e — FORT KNOX MINE [~ WAPBOOK 2=
: Mapbook02 Cross Sections 1000mxd| ‘ - 73400.040

ED_014329A_00000114-00219



Cross Section @ Clear Day

Fema 100 Year Flood Zone

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN: leDRAWN: BvB|REVIEWED: DH
SCALE: 1 inch = 1,000 feet DATE: — (1/25/2010
_F”-E NAME: Mapbook02 Cross Secti 1000.mxd

Feet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone |
-~ Road © Local PMP 0 1,000
DRAWING TITLE:
ERBE Consulling
it 4 FAIRBANKS GOLD TSF DEEP

MINING, INC.
FORT KNOX MINE

BREACH SCENARIOS

DRAWING NO. MAPBOOK 2 REVISION

SRK JOB NO.

73400.040 A

ED_014329A_00000114-00220



e
e
e

Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD TSF DEEP
NAD 83 State Plane Alaska Zone 3 Feet M I N I N G, IN C. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOKZIT, -
_F”-E NAME: Mapbook02 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00221



Cross Section @ Clear Day

Fema 100 Year Flood Zone

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN: leDRAWN: BvB|REVIEWED: DH
SCALE: 1 inch = 1,000 feet DATE: — (1/25/2010
_F”-E NAME: Mapbook02 Cross Secti 1000.mxd

Feet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone |
-~ Road © Local PMP 0 1,000
DRAWING TITLE:
ERBE Consulling
it 4 FAIRBANKS GOLD TSF DEEP

MINING, INC.
FORT KNOX MINE

BREACH SCENARIOS

DRAWING NO. MAPBOOK 2 REVISION

SRK JOB NO.

73400.040 A

ED_014329A_00000114-00222



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD TSF DEEP
NAD 83 State Plane Alaska Zone 3 Feet M I N I N G, IN C. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOKZIT, -
_F”-E NAME: Mapbook02 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00223



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD TSF DEEP
NAD 83 State Plane Alaska Zone 3 Feet M I N I N G, IN C. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOKZIT, -
_F”-E NAME: Mapbook02 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00224



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD TSF DEEP
NAD 83 State Plane Alaska Zone 3 Feet M I N I N G, IN C. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOKZIT, -
_F”-E NAME: Mapbook02 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00225



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD TSF DEEP
NAD 83 State Plane Alaska Zone 3 Feet M I N I N G, IN C. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOKZIT, -
_F”-E NAME: Mapbook02 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00226



Cross Section @ Clear Day

Fema 100 Year Flood Zone

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN: leDRAWN: BvB|REVIEWED: DH
SCALE: 1 inch = 1,000 feet DATE: — (1/25/2010
_F”-E NAME: Mapbook02 Cross Secti 1000.mxd

Feet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone |
-~ Road © Local PMP 0 1,000
DRAWING TITLE:
ERBE Consulling
it 4 FAIRBANKS GOLD TSF DEEP

MINING, INC.
FORT KNOX MINE

BREACH SCENARIOS

DRAWING NO. MAPBOOK 2 REVISION

SRK JOB NO.

73400.040 A

ED_014329A_00000114-00227



Fema 100 Year Flood Zone

Cross Section @ Clear Day Foet N
ee
B Structure Local 1/2 PMP Fema 500 Year Flood Zone |
~— Road ® Local PMP 0 1,000
DRAWING TITLE:
SRK Consulting mE
ong | FAIRBANKS GOLD TSF DEEP

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN: s

DRAWN: BVB]REVIEWED: DH

SCALE: 1inch

= 1,000 feet DATE:  02/25/2010

@Eﬁrf’j Page:14

MINING, INC.
FORT KNOX MINE

BREACH SCENARIOS

DRAWING NO. MAPBOOK 2 REVISION

SRK JOB NO. 73400.040 A

FILE NAME:

Mapbook02 Cross Secti 1000.mxd

ED_014329A_00000114-00228



Fema 100 Year Flood Zone

Cross Section @ Clear Day Foet N
ee
B Structure Local 1/2 PMP Fema 500 Year Flood Zone |
~— Road ® Local PMP 0 1,000
DRAWING TITLE:
SREK Consulting mE
4 '@' FAIRBANKS GOLD TSF DEEP

NAD 83 State Plane Alaska Zone 3 Feet
DESIGN: leDRAWN: BvB|REVIEWED: DH 43
SCALE: 1 inch = 1,000 feet DATE: — (1/25/2010

MINING, INC.
FORT KNOX MINE

BREACH SCENARIOS

DRAWING NO. MAPBOOK 2 REVISION

SRK JOB NO. 73400.040 A

MapbookQZ Cross_S_eotior_]s_ 1_000 mxd

ED_014329A_00000114-00229



Cross Section @ Clear Day

Fema 100 Year Flood Zone

NAD 83 State Plane Alaska Zone 3 Feet

DESIGN: leDRAWN: BvB|REVIEWED: DH
SCALE: 1 inch = 1,000 feet DATE: — (1/25/2010
_F”-E NAME: Mapbook02 Cross Secti 1000.mxd

Feet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone |
-~ Road © Local PMP 0 1,000
DRAWING TITLE:
ERBE Consulling
it 4 FAIRBANKS GOLD TSF DEEP

MINING, INC.
FORT KNOX MINE

BREACH SCENARIOS

DRAWING NO. MAPBOOK 2 REVISION

SRK JOB NO.

73400.040 A

ED_014329A_00000114-00230



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD TSF DEEP
NAD 83 State Plane Alaska Zone 3 Feet M I N I N G, IN C. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOKZIT, -
_F”-E NAME: Mapbook02 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00231



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD TSF DEEP
NAD 83 State Plane Alaska Zone 3 Feet M I N I N G, IN C. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOKZIT, -
_F”-E NAME: Mapbook02 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00232



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD TSF DEEP
NAD 83 State Plane Alaska Zone 3 Feet M I N I N G, IN C. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOKZIT, -
_F”-E NAME: Mapbook02 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00233



Cross Section @ Clear Day Fema 100 Year Flood Zone Foet N
B Structure Local 1/2 PMP Fema 500 Year Flood Zone L —
~~ Road ® Local PMP 0 1,000
- DRAWING TITLE:
SRK Consuiting FAIRBANKS GOLD TSF DEEP
NAD 83 State Plane Alaska Zone 3 Feet M I N I N G, IN C. BREACH SCENARIOS
e FORT KNOX MINE | WMAPBOOKZIT, -
_F”-E NAME: Mapbook02 Cross_Secti 1000.mxd 73400.040

ED_014329A_00000114-00234



Tailings Storage Facility and Snow
Gulch Reservoir — Early Stage
FMEA Workshop

Prepared for

Donlin Gold

Prepared by

g.
& g
i g

SRK Consulting (Canada) Inc.
181202.010
March 2015

ED_014329A_00000114-00235



Tailings Storage Facility and Snow Gulch
Reservoir — Early Stage FMEA Workshop

March 2015

Prepared for Prepared by

Donlin Gold SRK Coensulting (Canada) Inc.
4720 Business Park Blvd., Suite G-25 2200-1066 West Hastings Street
Anchorage, AK 99503 Vancouver, BC VB6E 3X2

USA Canada

Tel: +1 907 273 0200 Tel: +1 604 681 4196

Web: www.donlingold.com Web: www.srk.com

Project No: 181202.010

File Name: DonlinGold_ FMEAWorkshop_Report_181202.010_20150306FNL_DEH.docx

Copyright © SRK Consulting {Canada) Inc., 2015

ED_014329A_00000114-00236



SRK Consulting
Donlin Gold TSF and SGR Early Stage FMEA Page ii

Table of Contents

B TR 1434 e T 11T £ T o OO 1
2  WOrksShop ODbJeCtIVES ... cciicceecrr s cesircenmncr s e se s s e s e s n e s e se s e e esensmmmnanan e esan s nmssnmnnsens 1
3  Workshop Participants and Methodology ... e e 1
4 FMEA Results and Limitations ...ttt n e s e s s s e s 3
L 0 T Y- 1 | - 4
List of Tables

Table 1: FMEA Workshop Participants ... 2
Appendices

Appendix A1 — PowerPoint Presentation
Appendix A2 — Selected Drawings
Appendix B - FMEA Tools

Appendix C — TSF Risk Register
Appendix D — Snow Guich Risk Register

DEH/CCS DonlinGold_FMEAWorkshop_Report_181202.010_20150306FNL_DEH.docx March 2015

ED_014329A_00000114-00237



SRK Consulting
Donlin Gold TSF and SGR Early Stage FMEA Page 1

1 Introduction

Donlin Gold LLC (Donlin Gold) is proposing to construct a tailings storage facility (TSF) and fresh
water reservoir (Snow Guich) as part of the development of the Donlin Gold Project. The project
is currently undergoing environmental review and permitting. Potential environmental impacts
and project alternatives are being evaluated in an Environmental Impact Statement under
development by the US Army Corps of Engineers (USACE). The draft EIS is to be available for
public review in fall 2015. Concurrently, Donlin Gold is developing applications for project permits
and approvals.

Donlin Gold submitted initial application materials for the TSF Dam, the Snow Gulch Reservoir
Dam, and five other project-related dams to the Alaska Department of Natural Resources (ADNR)
Dam Safety Program. ADNR Dam Safety and Construction Unit commented on the initial
application materials and noted that a technical risk assessment in the form of a Failure Modes
and Effects Analysis (FMEA) will ultimately be required for dams having a Class 1 hazard
potential (as defined in state regulations), which may include both the TSF Dam and the Show
Gulch Reservoir Dam.

Donlin Gold subsequently commissioned SRK Consulting to facilitate an early stage FMEA for
these two dams. The early stage FMEA will inform subsequent stages of site investigation and
design. It may also provide inputs to the EIS and dam permitting processes, but a later stage
FMEA may be required to fully meet the expectations of the ADNR Dam Safety Program.

This report summarizes the early stage FMEA workshop objectives, participants, methodology,
and outcomes.

2 Workshop Objectives

The overall objective of the early stage FMEA workshop was to identify and evaluate risks
associated with the TSF and the Snow Gulch Reservoir, with a view to ensuring that these risks
are addressed in the current and future stages of investigation and design.

3 Workshop Participants and Methodology

SRK hosted and facilitated the early stage FMEA workshop at its offices in Vancouver, BC, on
December 2 and 3, 2014.

The two-day workshop included participation by representatives from Donlin Gold, the Alaska
Dam Safety Unit, AECOM (formerly URS, consultants for the USACE), the landowners (the
Kuskokwim Corporation and Calista Corporation), and engineers involved in the design of the
TSF and Snow Gulch Reservoir dams (BGC Engineering). The participants are listed in Table 1.

The workshop was facilitated by Daryl Hockley, PE, a civil engineer with over 25 years of
experience, including facilitation of FMEAs for tailings facilities at other mines in Alaska, northern
Canada and overseas.
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Table 1: FMEA Workshop Participants

Name Affiliation E-mail

Nick Enos Donlin Gold renos@donlingold.com

James Fueg Donlin Gold ifueg@donlingold.com

Michael Shelbourn Barrick mshelbourn@barrick.com
Richard Williams Novagold richard.willams@novagold.com
Clint Logue BGC clogue@bgcengineering.ca
Adrian Wightman BGC awightman@bdgcengineeting.ca
Jack Seto BGC iseto@bgcengineesring.ca
Vinod Garga BGC vgarqa@bgcengineering.ca
lain Bruce BGC ibruce@bgcendineering.ca

Jon Isaacs AECOM/URS jon.isaacs@urs.com

Bob Bachus Geosyntec rbachus@geosyntec.com

Dan Johnson Tetra Tech dan.johnson@tetratech.com

Jeff Bruno

State of Alaska — DNR/OPMP

jeff.bruno@alaska.gov

Charlie Cobb

State of Alaska — Dam Safety

charles.cobb@alaska.qov

Pete McGee (by phone)

State of Alaska — DEC

william.mcoee@alaska.gov

Carolyn Curley (by phone)

State of Alaska — DNR

carolyn.curdey@alaska.qgov

Jeff Foley Calista ifoley@calistacorp.com
Rachel Klein TKC k@ kuskokwim.com
Nancy Darigo URS nancy.darigo@urs.com
Kris Fabian URS kristof.fabian@urs.com
Dan Neuffer SRK dneuffer@srk.com

Bill Jeffress SRK bieffress@srk.com
Maritz Rykaart SRK mrvkaart@srk.com
Patty McGrath SRK pmegrath@srk.com

A summary of the workshop objectives, scope and approach was distributed to all participants as
part of an information package issued prior to the workshop. At the beginning of the workshop,
the FMEA approach was reviewed with the group. It was noted that the FMEA process uses very
coarse categories of “likelihood” that do not attempt to distinguish between very low probability

levels. Participants agreed that, because the dams are still in the design process, the focus

should be on identifying as many risks as possible rather than precisely quantifying each one.
The slides used by the facilitator to introduce the session and review the approach are included in

Appendix A1.

BGC staff then presented information on the TSF dam, investigations to date, and the state of
design as presented in the Feasibility Study Update 2. In a later session, BGC provided a similar
presentation on the Snow Gulch Reservoir. It was noted that the Snow Guich Reservoir Dam is
in a much earlier stage of design, and that other variants are still under consideration. The BGC
presentations are also included in Appendix A1, and selected drawings in Appendix AZ2.
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After the introductory presentation on each facility, participants were asked to create lists of risks
related to its construction and operation period, its closure and post-closure period, and a
hypothetical premature closure. Groups of participants then reviewed each list and identified key
risks for discussion and evaluation. The selection of risks to carry through further discussion was
left up to the participant groups, with only the guidance that examples should be selected to cover
the range of risks.

The process of evaluating each risk began with a single participant describing how the risk would
lead to a failure scenario. The facilitator assisted in reducing the scenario to a short sentence
that was entered into a risk register used for recording the workshop results, and then evaluating
the scenario using a set of risk rating tools:

s A consequence-severity matrix that rates the severity of different types of adverse
conseguence;

e Alikelihood chart used to rate the probability of the scenario and negative consequences
being realized;

e A confidence level table used to express the level of certainty in the consequence and
likelihood ratings; and

« Arisk matrix used to summarize consequence severity and likelihood in terms of risk level.

The risk rating tools that were used in the FMEA workshop are provided in Appendix B.

In total, over 80 scenarios were assessed. For each scenario, discussion continued until a
consensus was reached. The final position of the scenario on the consequence-severity,
likelihood and confidence scales was then recorded in the risk register. After the first few risk
scenarios had been analyzed, it became evident that there was a close correlation between
scenario types and the most important consequence categories. Subsequent evaluations
focused on only those categories that generated the highest severity ratings.

4 FMEA Results and Limitations

The risk register for the TSF is provided in Appendix C. The risk register for the Snow Gulch
Reservoir is presented in Appendix D. Each appendix also includes summary risk matrices
showing where each scenario plotted in terms of likelihood and consequence severity.

It is worth noting again that the process used in the workshop was intended to capture as many
risks as possible, rather than precisely characterizing each cne. Therefore the results shown in
the risk registers should be treated with appropriate caution. Specifically, there are certain to be
other failure modes or at least ones that differ in some detail from those assessed, and many of
the likelihood or severity designations could arguably be shifted to an adjacent box. However,
despite those weaknesses, the results do accurately reflect what an informed and reasonable
group of people, representing many perspectives, found to be the significant risks associated with
the current designs for these two facilities.
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Furthermore, it bears repeating that the early stage FMEA reviewed designs presented in the
project documents available at the time, and many of the risks will be addressed or modified in
subsequent stages of design. This was particularly the case for Snow Gulch Reservoir, for which
the available documents represented an even earlier stage of design.

5 Closure

At the close of the workshop, SRK prepared a first draft of this report for review, initially by Donlin
Gold and subsequently by all other participants. Review comments were reviewed and
addressed in the final version.

It was also noted that participants in the workshop will use the results in different ways. The
project team, for example, might use them to assign priorities to future investigation and design
efforts. Other participants might use the results to inform their contributions to the project
environmental review. SRK has deliberately avoided trying to summarize the results from any
particular perspective, preferring instead to let the results produced by the entire group stand on
their own merits. SRK cautions against using any of the scenarios or risk ratings without
considering the full context and limitations of the workshop process.

This report, Tailings Storage Facility and Snow Gulch Reservoir — Early Stage FMEA Workshop,
was prepared by:

SRK Consulting (Canada) In(*:\&\

Saf

Daryl Hockley, PEng, PE
Corporate Consultant

and reviewed by

o
Y
kY

e
i
e
5t

Cam Scott, PEng
Principal Consultant

SRK Consulting (Canada) Inc. has prepared this document for Donlin Gold. Any use or decisions by which a third party
makes of this document are the responsibility of such third parties. In no circumstance does SRK accept any consequential
liability arising from commercial decisions or actions resulting from the use of this report by a third party.

The opinions expressed in this report have been based on the information available to SRK at the time of preparation. SRK
has exercised all due care in reviewing information supplied by others for use on this project. Whilst SRK has compared
key supplied data with expected values, the accuracy of the results and conclusions from the review are entirely reliant on
the accuracy and completeness of the supplied data. SRK does not accept responsibility for any errors or omissions in the
supplied information, except to the extent that SRK was hired to verify the data.
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Failure Mode Branmarmmq
Failfure Mode & Effscts Analysis

« Bnow Gulch Freshwater Reservoir
Design Presentation

Faiturs Mode Brainstorming

Failure Mode & Effects Analysis

Do
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lintroductions & Ohjectives lintroductions & Ohjectives

+ introductions + QObjective

identify and evaluate all significant risks associated
with the TSF Dam and Snow Gulch Reservoir Dam
with a view W ensuring that these risks are addressed
in current and Tuture design .

Assessment Methodology Assessment Methodology
< 80 31000 "Risk ~ effect of uncertainty on = Risk assessment — “Cverall process of risk
objectives” identification, risk analysis and risk evaluation”

Rizk ident
deacribing

icatfon — process of finding, recognizing and
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3

Risk analysis — process to comprehend the nature of rigk
and determineg the level of risk

Risk evaluation — process of comparing the results of
risk analysis with risk criteria to determine whether the
risk andior its magnitude s acceptable or tolerabls
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« Consequence-Severity methods

Failure Mode and Effect Analysis (FMEA)

Failure Mode Effect and Criticality Assessment (FMECA)
= Common characteristics

Assesses the likelihood of a risk coming to fruition, and
the severity of its consequences

Considers consequences in many categories

Likelthood Scale

west Containe

2

Ly

Fosiale

pabigely

Mary nlibsiy

e

Confidence Level

% NP
5 i A estingte
SRR deY

hedinizgt

Hevde 108 OF qondichans in
Eiggh L)

3/6/2015

Consequence Severity Scale
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Assessment Methodology

« Brainstorming
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Donlin Gold Project Donlin Gold Project

b

BGC
IR, B \\\\\\\N
Donlin Gold FMEA Workshop

LI

Project Summary
December 2-3, 2014

Donlin Gold Project 13%%

i
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Donlin Gold Project IB .
_ —
Geology consists of flysch sequence of

sedimentary units of the Cretaceous Kuskokwim
Group;

+ Sedimentary units comprise interbedded
greywackes, siltstones, and shale;

» Series of anticlines/synclines perpendicular to
regional compression;

¢ Intruded by late Cretaceous to early Tertiary felsic
intrusives comprising porphyritic rhyodacite and
rhyolite with mafic dykes and sills.

» Bedrock heavily fractured/pervious.

BGC

Donlin Gold Project [B%k

Siltstone

<Bark grey

<Fine grained

“Bedded

«In general weak to medium
strong

-UCS,,, = 7,900 psi (55 MPa)

Greywacke

<Light grey

«Medium grained

<Well graded

«In general medium strong
-UCS,,; =9,100 psi {63 MPa)

Interbedded
Greywacke/Siitstone
-UCS,,, = 5,800 psi (40 MPa)
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Donlin Gold Project

Donlin Gold Project [E .

Surficial geology
comprises colluvial,
fluvial (Holocene and
Tertiary), and aeolian
deposits with
overlying organic
deposits;
« Approx. 20 ft
thick in valley

o

Site is located in the sporadic

discontinuous permafrost zone:

« Where present, typically confined
to lower portions of valiey, in
overburden with organic cover,
and is warm {31.6 °F}

Thickness generally less than 20
ft, can be up to 105 ft
Low ground ice content

LRI IR LRI IR

bottom + typically <1 to 2% segregated
« Approx. 71t ice, with discrete zones of 5 to

thick at higher 10%

elevations
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Donlin Gold Project

L =
vy

Donlin Gold FMEA Workshop

ailings Storage Facility and Snow Guich
December 2-3, 2014

Donlin Gold Project

1/21/2015

Donlin Gold Project

{
H
[ELGE
#4 « Seven dams under DNR jurisdiction :
— Lower Contact Water Dam
— Upper Contact Water Dam
— American Freshwater Diversion Dam
— Snow Gulch Freshwater Dam
— North and South TSF Freshwater Dams
— Anaconda TSF Dam
Class | Dams:
— 8now Guich Freshwater Dam
— Anaconda TSF Dam

!
Donlin Gold Project [B%kl
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Donlin Gold Project Donlin Gold Project

B
LML« Static Sﬁty F?Etors R

3 5 ved

t
H
[ELGE
DL« Meet or exceed requirements in:
— Alaska DNR Dam Safety Guidelines
— USBR, USACE, FEMA, ICOLD, CDA
= Design Earthquake
- MCE
+ Deterministic MCE — 0.36g from Magnitude 7.8
+ Probabilistic MCE — 0.44g from 10,000-year event

» Seismic Deformation
— Max. deformation of half filter thickness = 5’

e TR

\m..\ T LR RITTRTANY b
#é » Wave action on stored flood dominates freeboard
— Ultimate dam crest: 841 ft
¢ Closure spillway to pass PMF
— Sill elevation: 834 ft
— Details to be worked out at next stage of design as timing
of closure cover and pond size has a significant impact on
the layout of the spiliway.
» Dam downstream face flattened to 3H:1V at closure.
« Saddle elevation at 850 ft on south east side of
Anaconda.

%é « During Operations, store LOM tailings plus:
— Starter - 1 yr Tailings (12,400 ac-ft)
— Ultimate Tailings (334,000 ac-ft))
~ IDF = 200-yr Snowmelt + 24-hr PMP (8,700 ac-ft)
- Uitimate Operating Pond (24,000 ac-ft)
— Freeboard (above maximum stored flood)
» Freeboard calculated as the maximum of:
— 3 ft above maximum beach elevation;
—~ Wave run-up and wind set-up above maximum stored flood
elevation; or
— Maximum seismic settlement at upstream face of dam plus 3 ft
above operating pond

Donlin Gold Project

Bec
| |

Height Dam Storage Requirements (acre-ft)
Name | /Crest | Length | Vol i Outlet
B, O yeq | Teiings | OPEEINS | poo | Tota
i/ -
strter | 292 | o510 | 37 | 12400 | 1700 6,700 20,800 | Rediaim
5711t barge pumps
Emergency
spiliway;
utimate | 41 | seaan | 431 | 334000 | 16,200 6700 |sseso0 | W
841 ft capacity.
Reclaim
pumps.
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i

Donlin Gold Project

I

EN R

Starter CrestLength: 2310°
Uitimate Crest Length: 5863

B6c
.
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Donlin Gold Project [E%k

Donlin Gold Project

¢ Preparatory works (borrow areas)

» Winter 1 - Nov - March

— Prepare overburden stockpiles

— Construction water handling {sumps, ditches, berms)

— Clearing, grubbing, stripping dam footprints underdrain
—~ Construction of starter dam and diversion dams

— Construction of seepage recovery system if required for
construction water management

Construction of diversion ditches/access roads.
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BeC

]

» Summer 1 - May to October
- Continue construction of dams

— Continue/complete diversion ditches.

Winter 2
— Clearing, grubbing, stripping of impoundment and
reclaim causeway
— Complete underdrain
— Liner bedding placed and compacted
— Complete seepage recovery system

— Continue/complete construction of dams and diversion
ditches.

1/21/2015

Donlin Gold Project

{
BaC
° Summer 2

— Re-grade and re-compacti/proof-roll liner bedding as
required

— Complete construction of all elements
— Place liner

* Portion of the valley above bottom 80 ft of the
creek can be constructed independent of season

elevation
« Pond elevation = 544 ft
rin and South FWDD are complete
First stage diversion channels are complete
laim causeway is operaticnal
eapage recovery facility is operational
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Year 3 Layout — Maximum Beach Development

Year 27 (Ultimate) t
volume

+ Tailings elevation = 831 ft

> Pond elevation = 820 1t

> Small beach arza (88 acres)

North and South FWDD are removed

Ultimate stage diversion channels are complete
Closure spiltway is constructed

Reclaim causeway is operational

age + 50%ile operating pond

Donlin Gold Project

B
.

Outlet

B
- _

‘ . =, “ 3 Name iCrest | Length | volume | Operating
¥ : e . ElL (M cu.yds) Pond

e s e e
e e e .

Storage
Requirements

Snow s Stays full . "

/ ! W .
Gulch 1755)‘15,' 1211 | 1.04 303;13 supplies FW to Operﬁ-'”cgasg'é'i‘jvﬁyv PP
rwop | " plant. pachy
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Appendix B Page 1

Donlin Gold TSF and Snow Gulich Early Stage FMEA Workshop — Risk Rating Tools

This appendix presents the tools that form the basis of the risk rating method used in the FMEA
workshop held on December 2 and 3, 2014.

In general, risk rating methods used in FMEA's are expert-based rather than analytical. In other
words, assessments of consequence severity (how bad could it be?) and likelihood (could it really
happen?) are based on the consensus of expert opinion rather than on detailed calculation of
probabilities. This approach allows a much wider range of risks to be considered as efficiently as
possible. Differences of opinion about consequence severity and likelihood are tracked and,
where they prove to be significant to a design decision, more rigorous analysis is a common
follow-up requirement.

The proposed process begins with a participant describing a failure scenario. With guidance
from the facilitator, the wording of the failure mode and effect are crystallized for evaluation with
the risk rating tools. These tools comprise three tables and a risk matrix; shown in Tables 1
through 4 below.

Table 1 presents six categories of consequences along with severity ratings ranging from Very
Low’ to ‘Critical’. For each category, the table includes narrative descriptions of the types of
negative outcomes that would be typical for each severity rating; during the workshop these
descriptions help participants determine the appropriate severity rating to be assigned to each
failure scenario.

Table 2 presents descriptors used to aid participants in assigning a ‘Likelihood’ rating for each
scenario. The ‘Likelihood’ rating reflects the participants’ view of the probability that both the
failure mode and consequence (from the previous chart) will be realized. The ‘Likelihood
Terminology’ table consists of one column containing likelihood ratings that range from Very
Unlikely’ to ‘Almost Certain’, along with four other columns which give examples to guide the
selection of the appropriate rating.

Table 3 presents the ‘Confidence Levels’ used to reflect the participants’ confidence in the
consequence and probability categories selected for each scenario.

Table 4 presents the ‘Risk Matrix’ which assigns a risk rating (and color) to each combination of
likelihood (from Table 1, identified by row on Table 4) and severity (from Table 2, identified by
column on Table 4). The risks range from low (in green) to moderate (in yellow) to moderately
high (in pale orange) to high (in dark orange) to very high (in red).

SRK Consulting March 2015
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Table 1: Consequence-Severity Matrix

Consequence
Categories

1. Environmental
Impact

No impact.

2. Traditional Some disturbance

Minor localized or short
term mpacts,

Minor or perceived

Severity Descriptors

Significant impact oh
valtied ecosystem
component

Some mitigable impact

Significant impact on
valued ecosystem

component and medium:

term impairment of
&cosystem function

Significant temporary

““

Serious long-term
impaliment of ecosystem
function

Significant permanent

permit, approval or
regulatory requirement.

{e.g. one-day violation
of discharge limits).

approvals (e.g. multi-day
violation of discharge
limits).

Use but no impact to impact to traditional land | to traditional land use. | impact to traditional land impact on traditional land
tfraditional land use. use. use. use,
3. Regulatory Informal advice from | Technical/Administrative | Breach of regulations, | Substantive breach of Major breach of regulation
Impact a regulatory agency. | non-compliance with permits, or approvals regulations, permits or - willful violation.

< $100.000 $100.000 - &1 Million | $1 - $5 Million $5_ $25 Million ~ $95 Million
Costs

Public concern restricted | Heightened concern by | Significant adverse

Local concerns, but
no local complaints
or adverse press
coverage.

5. Community/
Media/
Reputation

to local complaints or
local adverse press
coverage.

local community,
criticism by NGOs or
adverse local/regional
media attention.

national public, NGO or
media attention.

Serlous public
outcry/demonstrations or
adverse International
NGO attention or media
coverage.

SRK Consulting

March 2015
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Table 2: Likelihood Terminology

- F Probability of Probability of
Likelihood D reql.letncy1 D rque:myz ocourrence over | occtirrence in any
escripior escriplor mgnw years one year
High frequency
Almost Certain Happens often (more than once 98% 17.8%
every 5 years)
Could easil Event does occur,
Likely h Y has a history, once 75% 6.7%
appen
every 15 years
Could happen and Occurs once every
Possible has happened 40% 2.5%
40 years
elsewhere
. Hasn’t happened Occurs once every o o
Unlikely yet but could 200 years 10% 0.5%
Conceivable, but Occurs once ever
Very Unlikely only in extreme y < 2% 0.1%
. 1000 years
circumstances
Table 3: FMEA Confidence Levels
Confidence Level Description
Low Do not have confidence in the estimate or ability to control
during operations.
. Have some confidence in the estimate or ability to control
Medium . oo
during operations; conceptual level analyses.
Have lots of confidence in the estimate or ability to control
High during operations; detailed analyses following a high
standard of care.
Table 4: Risk Matrix
L Consequence Severi
Likelihood - 1 b - oy
Very Low Minor Moderate Major Critical
Almost Certain Moderate
Likely Moderate Moderate
Possible Moderate
Unlikely Moderate
Very Unlikely Moderate

SRK Consulting March 2015
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Rock fill material 1s currently uncharacterized. Crooked Creek
is valuable ecosystem. Scenario assumed to occur near end of

Moderate

Moderate

Moderate

Moderate

Downst fail f dam due t terial variabili Its in partial breach and | f material (2 . .
ownstream failure of dam due to material variabi ity results in partial breach and loss of material ( Const. & Op Env. Imp. Major Unlikely
million cu.m.) that reaches Crooked Creek.
Const. & Op | Com/Media/Rep. Critical Unlikely
Const. & Op Cons. Costs Major Unlikely
Const. & Op Human H&S Major Very Unlikely
Const. & Op Trad. Use Major Unlikely
Const. & Op Reg. Imp. Major Unlikely
Poor QA/QC dupng construction of filter/liner materials results in a leak and ultimately a piping failure Const. & Op Env. Imp. Critical Very Unlikely
nd a catastrophic breach
Const. & Op Human H&S Critical Very Unlikely
Excessive water accumulation with no spillway in place leads to overtopping and loss of water Prem.CL Env. Imp. Major Possible
Liner rupture directly above the underdrain leads to sinkhole and outflow of tailings through underdrain | Const. & Op Env. Imp. Critical Unlikely
Deformation along a fault in the valley leads to rupture of liner resulting in increased seepage and water ClL & P.CL Cons. Costs Major Unlikely
treatment costs
Excessive water accumulation with no spillway in place leads to controled unauthorized discharge Prem.CL Env. Imp. Major Very Unlikely
Clogging of underd‘rair} due to excessive weight/chemical reactions leadipg to build-up of pore Const. & Op Cons. Costs Moderate Possible
ressures resulting in liner damage, construction delay and need for repairs.
Weather event exceeds design criteria leading to overtopping and discharge of contaminated water (but Const. & Op Env. Tmp. Moderate Unlikely
no breach)
Const. & Op Trad. Use Major Unlikely
Ponsi levels builds up over tlme, Tedgcm g available ﬁ'eeAboard and then a extreme weather event oceurs Const. & Op Env. Imp, Moderate Possible
cading to overtopping resulting in discharge of contaminated water
Const. & Op Cons. Costs Major Possible
Cover construction delays leading dust releases to the surrounding lands for a 3-4 years. Prem.CL Trad. Use Major Unlikely
Spillway blockage by ice and snow leads to overtopping and breach of the dam ClL. & P.CL Env. Imp. Critical Very Unlikely
Cl. & P.CL Human H&S Critical Very Unlikely
Long-term degradation of the liner leads to increased scepage and water treatment costs ClL & P.CL Cons. Costs Major Very Unlikely
Waste rock on dam face remains uncovered leading to contaminated run-off Prem.CL Reg. Imp. Major Unlikely

M mine life with full pond, so that even a partial breach leads to
significant tailings release.

M

M

M

M

M
Some participants thought likelihood could be "Unlikely".

M Poor QA has happened elsewhere, but this mode requires both
filter and liner to fail.

M Any complete breach of dam will also have very significant
costs

L Net water balance 1s positive, but liklelihood is "Possible"
because it requires assuming no mitigation for 1-2 years

M Loss of 20% of tailings would be enough to lead to critical
consequences

L

M "Very Unlikely" because water would be sent to pit

M
Extreme event assumed to occur during normal operations.

M Hydrological analysis suggests "Very Unlikely" but could be
limiations to data.

M "Major" consequence would be the temporary loss of fishing

M Extreme event assumed to be preceded by period of abnormal
operations, with no response by operator

L Mitigation costs for early raise of dam, pumping to pit, treating
for discharge

M Assumes no dust control measures in place during 3-4 years of
surface flooding

M Spillway 1s at Crevice Creek but failure would be at Main Dam

M
Scenario refers to liner on the dam face, and possible

M degradation due to slope creep on the 1.7H:1V slope.
Underlying material could be metal leaching.

M Assumes dam face remains uncovered and rock leaches metals
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Liner damage due to an ice sheet results in increased seepage that exceeds seepage recovery system and

. Const. & Op Env. Imp. Moderate Unlikely Moderate L Could be "Minor" if change to seepage volume is small
oor water quality downstream
Const. & Op Cons. Costs Minor Possible Moderate L
. . . . L .. . . . Assumes inadequate financial security in place, or requirement

Spillway can't be constructed into Crevice Creek resulting in additional pumping costs Prem.CL Cons. Costs Major Possible L to tunnel

Pond water quality does not improve and pumping is required over the very long term Cl. & P.CL Cons. Costs Major Unlikely M

Lack of grading by spigotting leads to additional costs for mechanical grading for closure cover Prem.CL Cons. Costs Major Possible L assumes inadequate bonding in place

Differential settlement due to thawing of previously unidentified permafrost leading to liner damage and Const. & Op Cons. Costs Moderate Unlikely Moderate M
ncreased seepage and water treatment costs

Differential settlement of alluvial soils under loading leads to liner damage and increased seepage and Const. & Op Cons. Costs Moderate Unlikely Moderate M
water treatment costs

I\{uptur‘e of tl‘le ll‘ner leads to piping of native materials into the underdrain and release of tailings and Const. & Op Env. Imp. Moderate Very Unlikely il M L}n;r rupture is not dleArctly ébove underdrain, so this requires
ormation of a sinkhole over time piping of through alluvial soils

p . . . . . . Current schedule includes a 12 th stor ti

Missing construction window due to strike/weather delay/etc. results in one year delay Const. & Op Cons. Costs Major Possible L Urrent SCACUIE Iheludes a 2o month storage contmgency

(except for Starter Dam). Costs very uncertain.
O C L . . .. . D d liquetacti tential of the tailings, but final

Earthquake results in tailings liquefaction and cover damage resulting in need for repairs ClL & P.CL Cons. Costs Critical Unlikely M cpends ofl iquetaction potential ot the tatings, but na

slope will be 1-2% so damage could be less.

Fail t surface water diversion (localized instability/glaciation/blockage) ete. results 1 ed fi . . . . . . .
AUTe of stirface water diversion (localized instability/glaciation/blockage) ete. results in need for Const. & Op Reg. Imp. Minor Likely Moderate M Technical non-compliance, but no risk of discharging the water
epairs of diversion ditches

Const. & Op Cons. Costs Minor Likely Moderate M

Mlass wasting failure at the abutme‘n'F (landshde) occurs following construction results in catastropic Const. & Op Cons. Costs Critical Very Unlikely M

ailure of the dam and release of tailings
Const. & Op Human H&S Critical Very Unlikely M
Some participants thought this secnario is "Unlikely”. The

Landslide within impoundment results in damage of the liner and need for repairs. Const. & Op Cons. Costs Moderate Possible M consequence sevrity classification assumes that the liner

damage is accessible for repair.

Mass W?sting failure in the saddle area (spillway not yet built) leads to uncontrolled release of water Const. & Op Env. Imp. Moderate Very Unlikely 1 M
nd tailings

Landslide into spillway plugs the spillway results in need for repairs ClL. & P.CL Cons. Costs Moderate Possible M

Degradation of the liner due to environmental exposure leads to seepage into the underdrain Prem.CL Cons. Costs Minor Possible Moderate M

. L . . . . Oth s s dicussed at length, but design is based
ce entrainment in tailings results in delay in construction of closure cover ClL & P.CL Cons. Costs Moderate Possible L ef consequences dicussed a engt Jut design 1s based on
total containment of water so little sensitivity to ice

Soil rer the d t 1 fthe d t cl it th ted leads t
oil cover over the downstream slope of the dam at closure performs worse than expected leads to ClL & P.CL Cons. Costs Minor Unlikely M

downstream water quality issues

Cl. & P.CL Trad. Use Major Unlikely M
Cl. & P.CL Env. Imp. Major Unlikely M

T 1 leads t d to st t t d Its 1 d to raise d d high
emporary closure leads to need to store extra water and results in need to raise dam sooner and higher | . o Op Cons. Costs Moderate Possible M

ultimate crest height.

Thermal expansion of liner causes folding and covering of folds with tailings leads to defects and Cons. Costs Minor Unlikely M

nereased seepage
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Construction defects are

onstruction related damage to the liner results in increased seepage Const. & Op Cons. Costs Minor Possible Moderate M C
to lead to significant consequences
onsolidation/settlment of tailings results in rupture of horizontal seam leading to increased seepage Const. & Op Cons. Costs Moderate Possible M
. . . . . Stripping of organics prior to liner placement should limit
as bubble developing under the liner (impoundment arca) leads to need for repairs Const. & Op Cons. Costs Moderate Possible M .
methane generation
Wildlife causes damage to liner leads to need for repairs Const. & Op Cons. Costs Minor Likely Moderate H Moose or bear
?ep—seated failure of the dam foundation due to undiscovered conditions leads to catastrophic failure Const. & Op Env. Imp. Critical Very Unlikely M Any complete breach of dam will also have very significant
fthe dam costs
Const. & Op Human H&S Critical Very Unlikely M
uring the first year of starter dam operation, exceedance of regulatory freeboard requirements Const. & Op Reg. Imp. Moderate Possible M
arge capsizes resulting in liner damage leading to need for repairs Const. & Op Cons. Costs Moderate Possible M
. . 3-5d til th ; 1 rtops. A tion 1s that
ailure of custodial care leads to exceedance of seepage pumpback system and uncontrolled release of . o7 Cays Ut Hhe Scepage systen overtops. AssUmpton 1s tha
. CL & P.CL Env. Imp. Moderate Possible M it 1s not mitigated, leding to significant releases over long
ontaminated water .
period
Cl. & P.CL Reg. Imp. Major Possible M
CL & P.CL Trad. Use Major Possible M
ixcessive vegetation in the spillway results in blockage of spillway and need for maintenance ClL. & P.CL Cons. Costs Minor Likely Moderate M
now sliding on exposed liner causes damage Const. & Op Cons. Costs Minor Likely Moderate M
nability to anchor HDPE liner on the downtream face of the dam due to wind Const. & Op Cons. Costs Minor Possible Moderate M
eclaim water quality not meeting ore processing requirements Const. & Op Cons. Costs Major Very Unlikely Moderate H
rregular consolidation leading to pond against the dam face CL & P.CL Cons. Costs Major Unlikely L
mergency discharge for any reason (pumping into creck) Const. & Op Env. Imp. Major Unlikely M
Const. & Op Reg. ITmp. Major Unlikely M
Const. & Op | Com/Media/Rep. Major Unlikely M
logging of tl derdrain at s system leads t ater pressure build-up in the d )
ogging of the underdrain at seepage recovery system leads to pore water pressure build-up in the dam |, o Op Cons. Costs Moderate Unlikely Moderate M
nd shallow slope failure and damage to the seepage recovery system
Const. & Op Reg. Imp. Major Unlikely M
Zijgation of rockfill leads to slope failure of the dam face and release of tailings (2 million cubic CL & P.CL Env. Imp. Major Very Unlikely Moderate M
cepage recovery system does not function resulting in multi-day discharge into creck Const. & Op Reg. Imp. Major Possible M

ED_014329A_00000114-00275



Appendix D — Snow Gulch Risk Register
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Erosion of spawning gravels

Violation of fisheries protection and dam safety rules

Small watershed and small flows limit likelithood of more
serious consequences

Limited field investigation to date, only four boreholes

Thick ice lenses are unlikely to be missed but even thin ones
could initiate piping

Loss of stored water could lead to production halt

Dam is not being designed for very long term use, and is in fact
designed to be removed after mine usage ends. But there are
examples eslewhere of dams being re-purposed without
adequate review of the initial design assumptions.

Uncertain if grouting would work, and possible that reservoir
would need to be abandoned

Some participants thought that likelihood should be"possible”,
given lack of filters on drains in current design

"Moderate" because of negative press coverage

andslide blocks the spillway leading to overtopping and breach of the dam Const. & Op Human H&S Critical Very Unlikely
Const. & Op Env. Imp. Major Very Unlikely Moderate
Const. & Op Reg. Imp. Major Very Unlikely Moderate
andslide blocks the spillway leading to need for repairs Const. & Op Cons. Costs Moderate Unlikely Moderate
ce glaciation blocks the spillway leading to need for maintenance and increased pumping costs Const. & Op Cons. Costs Minor Likely Moderate
tentional blocl { the spill due t { isunderstandi dal infall event leads t s .
ntentional blockage of the spillway due to operator misunderstanding and a large rainfall event leads to | . . o Op Human H&S Critical Very Unlikely
vertopping
andslide occurs above or under the abutment leads to lowering of the crest height and overtopping of Const. & Op Human H&S Critical Very Unlikely
he dam
hawing of ice lenses leads to internal erosion in the abutments results in need for grouting Const. & Op Cons. Costs Moderate Possible
igh seep: adient at th tream line bedment leads to piping and fail fthe d let ;
igh seepage gradient at the upstream liner embedment leads to piping and failure of the dam (complete Const. & Op Env. Imp. Major Unlikely
reach)
Const. & Op Human H&S Critical Unlikely
igh s e gradient at the upstream liner embedment leads to piping, drawd { dam, and loss of . .
ig §eepagc gradient at the upstream liner embedment leads to piping, drawdown of dam, and loss o Const. & Op Cons. Costs Major Possible
se of reservoir
1 ity or land ts pe td d lack of long-t ight int . .
ocal community or landowner requests permanent dam and lack of long-term oversight or maintenance | ., o 5 ~ Env. Imp. Major Unlikely
Itimately results in a breach (due to any of the failure modes noted above)
ClL. & P.CL Human H&S Critical Unlikely
dati terials are able th ted, resulting i d { ting duri . .
oundation materials are more permeable than expcc ed, resulting in need for grouting during Const. & Op Cons. Costs Major Possible
onstruction or remedial grouting following construction.
andslide into reservoir leads to large wave, overtopping of the dam, down-cutting and a complete Const. & Op Human L&S Critical Unlikely
reach
Const. & Op Env. Imp. Major Unlikely
ternal erosion beneath the liner leads to loss of Tt causi liner failure, and lete breach of . .
1; Icrzlrna erosion beneath the liner leads to loss of support causing a liner failure, and complete breachof | .~ o Op Human H&S Critical Unlikely
Const. & Op Env. Imp. Major Unlikely
teep liner slopes lead to poor construction quality and result in insufficient storage for mill operations | Const. & Op Cons. Costs Major Unlikely
igher than expected seepage results in concern from local community and regulators. Const. & Op | Com/Media/Rep. Moderate Likely
njadequate routine dam inspections do not detect slowly developing problems that lead to a breach Prem.CL Human &S Critical Possible
ailure of the dam
ediment deposition during operations and erosion following decommissioning result in excessive CL & P.CL Env. Imp. Moderate Possible

ediment loading downstream
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"Moderate” assumes metal release during spawning season

Technical non-compliance

Erosion damage, but stream is already impacted by placer
mining

ADEC would allow discharge assuming water quality is good

Any discharge from a mining-related dam, even clean water,
could generate negative press

ixtreme flood event in early stage of construction results in overtopping and dam failure Const. & Op Env. Imp. Moderate Unlikely Moderate
Const. & Op Reg. Tmp. Moderate Unlikely Moderate
Const. & Op Cons. Costs Major Unlikely
Const. & Op | Com/Media/Rep. Moderate Unlikely Moderate
ese.ryoir wa}er quality compromised by waste rock, dust, etc. resulting in poor water quality and Const. & Op Reg. Imp. Moderate Unlikely Moderate
nability to discharge
egradation of seepage water quality caused by ARD/ML issues with dam fill materials. Const. & Op Env. Imp. Moderate Possible
Const. & Op Trad. Use Moderate Possible
eismic event larger than design results in breach of the dam Const. & Op Env. Imp. Major Very Unlikely Moderate
Const. & Op Human H&S Critical Very Unlikely
otion along an undetected fault beneath the dam results in rupture of the liner and failure of the dam Const. & Op Human H&S Critical Unlikely
Const. & Op Env. Imp. Major Unlikely
peated drawdown and rech leading t ting failure i ir leading to disch f . .
epeated drawdown and recharge leading to mass wasting failure in reservoir leading to discharge o ClL & P.CL Env. Imp. Minor Possible Moderate
uspended sediments
inking of the barge leads to need for replacement of the barge Const. & Op Cons. Costs Moderate Possible
ept?ated drawdown 1e.ads to mass wasting in the reservoir resulting in increased reclamation ClL & P.CL Cons. Cosis Moderate Possible
equirements on the failed slopes
bility of th kfill is less than design leading to i d t da sl . .
ermeability of the rockfill is less than design leading to increased pore water pressures and a slope Const. & Op Env. Imp. Major Very Unlikely Moderate
ailure through crest resulting in a breach
Const. & Op Human H&S Critical Very Unlikely
ockfill shell degrades leading to excessive deformations and need for increased maintenance Const. & Op Cons. Costs Major Unlikely
Const. & Op Reg. Imp. Minor Possible Moderate
imergency discharge for any reason (pumping into creek) Const. & Op Env. Imp. Moderate Unlikely Moderate
Const. & Op Reg. Tmp. Very Low Unlikely Low
Const. & Op | Com/Media/Rep. Moderate Unlikely Moderate
oor rock quality leads to erosion and downcutting of the spillway Const. & Op Env. Imp. Moderate Unlikely Moderate
mergency discharge is required (for any reason) and the normal service pumps are unable to meet Const. & Op Cons. Costs Minor Unlikely Lo

eeded discharge rate

Cost for pumps and piping
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Upstream blanket length is undersized leading to high seepage gradient resulting in excessive seepage
flow

Const.

& Op

Com/Media/Rep.

Major

Unlikely

Poor quality rockfill and high seepage gradient leads to piping and failure of the dam.

Const.

& Op

Human H&S

Critical

Unlikely

Const.

& Op

Env. Imp.

Major

Unlikely

Rock fill currently uncharacterized

Limited understanding of hydrology results in undersized spillay and overtopping of dam during
extreme storm events.

Const.

& Op

Human H&S

Critical

Unlikely

Const.

& Op

Env. Imp.

Major

Unlikely

High seepage gradient through the foundation leads to a piping failure through fractures and highly
weathered bedrock and a breach

Const.

& Op

Human H&S

Critical

Unlikely

Const.

& Op

Env. Imp.

Major

Unlikely

Confidence is low due to the fact that only limited drilling has
been completed for the current stage of design

Lack of detailed site investigations will lead to deficiencies in the dam design resulting in a breach Const.

& Op

Human H&S

Critical

Possible

Const.

& Op

Env. Imp.

Major

Possible

Scenario assumes that further investigations will not be
completed
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